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PREFACE. 



In presenting a second instalment of the translation of the 
Lehrfmch der vergleicfieTiden ErUwicklurigsgeschickte der wir- 
bellosen Thiere to students of Zoology, I feel that an apology 
is due to them for the long interval of time that has elapsed 
since the appearance of the first part. Professors Mark and 
Woodworth, the translators of Vol. I., found themselves 
unable to spare time to continue the translation, and others 
who subsequently undertook the work were for similar reasons 
obliged to relinquish it. Consequently the book came into 
the hands of the present translator and editor only last year ; 
and although vie have endeavoured to push the work forward 
as quickly as possible, the task of translating, printing, and 
editing has necessarily consumed a considerable time. The 
whole work, however, is now well in hand, and, in issuing 
Vol. II., we can confidently hope that no long period will 
elapse before the production of Vols. III. and IV., the former 
being already in the press. 

It will be noticed that the order of the subject-matter has 
been changed. In its original form the Text-book is divided 
into three parts of unequal size. That already translated 
(Part I.) is much smaller than either of the remaining parts. 
We have consequently found it necessary to divide the second 
and third parts of the original into three. In doing so we 
were faced by a difficulty. If the original sequence of the 
chapters was to be retained, each part could not be made 
complete in itself unless the relative size of the volumes w«is 
left out of consideration. It was therefore thought preferable 
to alter slightly the original sequence of the chapters. Those 
dealing with the Phoronidea, the Bryozoa Ectoprocta and 
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VI PREFACE. 

Entoprocta, and the Brachiopoda have therefore been removed 
from the end of Part III. (Vol. IV. of the English edition), 
and placed at the commencement of Vol. II., which part 
contains, in addition, the Crustacea proper and the Palaeostraca. 
I do not think there can be any serious objection to this 
change, inasmuch as the four groups mentioned probably find 
a natural resting-place near to the Annelida, v^hich were dealt 
with in Part I, while they have little, if any, relation to the 
MoUuscan phylum treated in Part III. In all other respects 
the original text has been adhered to as closely as possible; 
but it has occasionally been found necessary to rewrite certain 
paragraphs which, when translated, appeared somewhat in- 
volved and obscure. In such cases the motive of the original 
has been adhered to as far as possible, the sentences, however, 
being entirely recast. 

Additional notes have been added relating to the most 
important of the many fresh observations which have been 
made since the original work appeared. Such additional 
matter has been placed in footnotes, distinguished from the 
footnotes of the authors by being enclosed in square brackets. 
A considerable number of additional references have also been 
given; and these are placed with the Literature at the end 
of each chapter under the form of Appendices, and, as in 
Vol. I., numbered with Boman numerals. But even these 
additions could now be added to. For instance, since going 
to press a short note on the early development of Phoronis 
by E. Schultz* has appeared, which might with advantage 
have been incorporated in this work. 

Although desirous, as far as possible, to use the same 
terminology as the translators of Vol. I., I have been compelled 
to diflfer from them in the rendering of the ever-recurring word 
" Anlage." This important term in Vol. I. is rendered by the 
word " fundament." Exception, with which I concur, has already 

• "Ueber Mesoderm -bildiing bei Phoronis,'* Otdytln. Oppisk., Tryd, imp, 
St, Petersinirg, Obshch. estestv.^ T. xxviii,, Vuip. 1. The author deals mainly 
with the formation of the mesoderm, and controverts all Caldwell's observations 
relating to the origin of this layer, which he maintains is a mesenchyme, and 
arises in tlie blastula and gastrula stages, most conspicuously in the latter, as 
proliferations from the entodeim. He could not find Caldwell s primitive groove, 
and thinks that this observer described as his posterior coelomic sacs the 
ventral invaginations which form the body-wall of the adult. 
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PREFACE. Vll 

been taken to the use of this term,* on the ground that the 
word fundament implies the solid basis or foundation upon 
which a structure rests or is built, whereas an **Anlage" is 
essentially a changing, -growing structure, which, though at 
one time the foundation, when only the foundation exists, 
eventually gives rise to, or rather itself becomes transformed 
into, the fully-formed organ. 

Having thus decided against the continued use of this term, 
I found myself face to face with the responsibility of selecting 
one of the numerous terms which have at one time and another 
been put forward as the English equivalent of " Anlage," at the 
same time knowing full well that, whichever word was adopted, 
I should find a large number of biologists against me, as nearly 
every teacher of note has proposed at least one word which 
he believes to be the only correct rendering of " Anlage." 

Eealising, then, the impossibility of satisfying everyone, I 
thought it advisable to pass over all the numerous terms which 
have been recently suggested, none of which are really satis- 
factory, and to revert to that much-abused word rudiment. 
Most biologists will agree that the term rudiment, if it had 
not been misused by some of our most eminent zoologists, would 
undoubtedly be the best word by which we could render the 
German term " Anlage." Unfortunately, following the lead of 
Darwin and others, we have acquired the habit of applying the 
terms rudiment and rudimentary to certain structures present 
in the adult which, in consequence of their small size and 
frequent loss of function, have retained a somewhat embryonic 
stamp, thus preserving the outward appearance of a rudiment 
but losing its essential character, viz., its inherent tendency 
to further growth. These, then, are not rudiments, but 
arrested, reduced, vanishing, or vestigial structures, and should 
be spoken of as vestiges. Why, because Darwin unfortunately 

♦ See Nature, 1896, p. 861. 

P. C. Mitchell, •* Anfagen," Nat. Scu, vol. v., 1894. 

Dr. Willey {Nature, 1898, p. 890), who supports the use of the terra 
primordiiiviy objects to the word nidiment on the ground that the latter has 
been regarded as the firet visible *' Anlage " of an organ. But who is to decide 
when a growing structure is first visible to the eye ? 

Professor Wilder {Science, 1898, p. 798), in a reply to Willey, advocates the 
use of the term proton; but to define this term he has to make use of the word 
rudiment. Thus he states that proton was employed "to designate the primitive, 
undifferentiated mass or ntdimeiU of a part." 
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misapplied the word rudimentary, should we necessarily regard 
this misuse as hallowed, and ever after refuse to use the word 
in its common sense? To such an extent has this misuse of 
the word been carried, that even encyclopaedic dictionaries, 
after defining the word rudiment in such a manner as to prove 
that it is the very word we are seeking, as a rendering of the 
idea expressed by "Anlage," give us, under the technical use 
of the word, **In Zoology, a part or organ, the development 
of which has been arrested (see Vestige)." It would require 
but little trouble on the part of teachers of Biology to reinvest 
the word rudiment with its proper meaning. By carefully 
insisting on the use of the words vestigium and vestigial, or 
their equivalents, for all abortive or reduced structures met 
with in the adult animal, and restricting the terms rudiment 
and rudimentary to all growing and developing tissues and 
organs, tliey could insure this result in a few years. We 
have by no means always rendered " Anlage " as rudiment, for 
we find that the German use of the term is not at all precise, 
and it was often possible to express the meaning better by 
another English word. 

The extreme looseness with which some other terms, such 
as Vorderdarm, Mitteldarm, and Hinterdarm, are used in 
Grerman was unfortunately not recognised until too late. These 
words are for the most part translated by the equally vague 
expressions fore-, mid-, and hind-gut. Throughout the Crustacea 
the fore-gut is co-extensive with the anterior ectodermal in- 
vagination, the stomodaeum, and the hind-gut is similarly 
related to the corresponding posterior invagination, the procto- 
daeum ; the term mid-gut, however, is used in a more varied 
sense. While for the most part it is applied to the entire 
entoderinal rudiment, it is at times used for the entodermal 
tube after the separation of the hepatic rudiment. As more 
precise terms, Professor E. Ray Lankester proposed the words 
enteron for the entodermal rudiment before the separation of 
the various entodermal derivatives, and metenteron for what 
is left of the enteric sac aa the central element of the 
alimentary canal after the separation of the outgrowths,* and 

* See Preface to EDglish translation of Gegenbaur's Elements of Comparative 
Anatomy, 1878. 
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PREFACE. IX 

these terms might well be adopted in the Crustacea for the 
three divisions of the alimentary canal. In the Phoronidea, 
Bryozoa, and Brachiopoda, it is impossible to be so precise in 
our terminology, for the origin and homology of the various 
divisions of the alimentary canal in these forms are more or 
less obscure. This is notably the case in the adult Bryozoon, 
where it is quite impossible at present to interpret the parts 
of the canal, all of whicli appear to arise from the ectoderm. 
The use of the terms fore-, mid-, and hind-gut must not, 
consequently, in this group be regarded as implying any 
morphological homology with the similarly-named parts in the 
Crustacea, but only an analogy with those parts. 

All through this work the genital glands are spoken of as 
arising from, or in connection with, the mesoderm; and in 
places even the splanchnic or somatic layer of the mesoderm 
is specially mentioned as giving origin to the genital cells. 
These statements arose from the incompleteness of our know- 
ledge, at the time when this work was published, concerning 
the early history of the genital rudiment. A number of 
observations have, however, since been made on this point in 
various groups of Invertebrata, especially in different orders 
of worms and Arthropoda, which tend to show that the 
primitive genital cells are separated from the somatic portion 
of the embryo at an extremely early period in the cleavage 
of the egg. In fact, in some cases, directly after the first 
cleavage plane has appeared, it can definitely be pointed out 
which of the two spheres will give rise to the genital rudiment, 
although this cell will also form certain other rudiments, the 
actual isolation of the genital cell taking place somewhat 
later (as early as the 32-celled stage in Cyclops, according to 
Hacker). All these observations lend support to the belief 
that the invisible genital rudiment is from the first quite 
distinct from the somatic rudiment; the former, at all events, 
attains a visible distinction at a much earlier period than is 
assigned to it in this work (see also Vol. i, p. 12, footnote). 

MAETIN F. WOODWARD. 

ROTAL COLLXOR OF SCIENCE, LOMDON. 

December, 1898. 
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CHAPTER XV. 

PHORONIDEA. 

Although investigators early drew attention to the many structural 
features in which the genus Phoronis resembles the Bryozoa, this form 
lias nevertheless hitherto usually been classed with the Sipunculids. 
Recently, however, greater stress has been laid on its relationship 
to the Bryozoa and the Brachiopoda (Rat Lankbster, Caldwell 
(No. 1), CoRi (No. 4a)). It is chiefly in the anatomy of the adult 
that the resemblance between these groups is found, but the larval 
forms may also without difficulty be compared with one another. 

I. Embryonic Development. 

Our knowledge of the first ontogenetic stages of Phoronis is due 
to the researches of Kowalbvsky (No. 6), Metschnikofp (No. 9), 
FoBTTiNGKR (No. 5), RouLB (No. 9a), and Caldwell (No. 2). The 
latter author, whose description we shall follow in all important 
points, arrived at results which frequently differ from those of earlier 
investigators, so that many points seem to require re-examination. 

The eggs of PhoroniSy according to Kowalbvsky, are fertilised 
while still in the body-cavity of the parent.* They reach the 
exterior through the nephridial canals which open near the anus 
and function as genital ducts, and then, enveloped in a vitelline 
membrane, become attached to the tentacles of the parent, where 
the young develop up to the time of hatching. 

Cleavage is total and unequal ; the difference in size between the 
blastomeres of the animal and those of the vegetative pole is, how- 
ever, inconsiderable. As early as the four-celled stage, two smaller 
blastomeres can be distinguished from two larger; the eight-ceUed 
stage shows four smaller and four larger cleavage-spheres symmetri- 
cally arranged In the further course of this very regular cleavage, 

* CoRi considers this statement improbable, and thinks that fertilisation 
takes place outside the parent, in the water. 
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4 PHORONIDEA. 

ectoderm and entoderm. At the most posterior part of the streak 
lies the small pit mentioned above (Fig. 1 D^ g ; Fig. 2 C, ^) ; this 
depression soon gives rise to two lateral diverticula that extend 
anteriorly between the ectoderm and entoderm (Fig. 2 C, m"\ and 
become the posterior coelomic sacs. The two pairs of coelomic sacs 
(m' and in) that thus arise are connected together by the isolated 
mesoderm -cells which have arisen from the anterior part of the 
primitive streak. After the formation of the posterior pair of 
coelomic sacs, which may, perhaps, be in some way connected with 
the formation of the nephridia, a shallow ectodermal depression 
forms posteriorly and fuses with the wall of the archenteron, and 
here the anal aperture arises. 

According to Metschnikoff (No. 9) and Foettikoer (No. 5), the mesoderm 
forms much earlier than is stated by Caldwell, by a kind of mesenchynie- 
formation, single cells appearing in the cleavage-cavity of the blastula-stage 
(Fig. \ At B, x). These elements, according to the authors just named, are 
rather small, so that Caldwell's assumption that particles of protoplasm 
lying in the blastocoele have here been mistaken for mesoderm-cells appeara 
somewhat probable. It is, however, possible that the formation of the coelomic 
sacs is preceded by the rise of a mesenchyme. 

According to Roule also (No. 9a), single mesenchyme-cells are found as- 
early as the gastrula-stage in the primary body-cavity. Later, after the anal 
aperture has formed, the cells of the primary entoderm are said to increase 
iu number at the sides of the anus, and in this way to produce two solid 
mesoderm -bands, while single cells that become detached mingle with the rest 
of the mesenchyme. 

The anterior pair of coelomic sacs above described, which might 
be called cephalic cavities, now grow out anteriorly, and soon com- 
pletely fill the interior of the pre-oral lobe. These sacs seem to- 
yield only the lophophoral cavities (Fig. 5, Ih) and the connected (?) 
cavity in the epistome (Fig. 5, eh) of the adult, which are separated 
by a transverse septum from the posterior part of the body-cavity,* 
This latter is yielded by the posterior pair of coelomic sacs, from 
which also is derived the median mesentery suspending the intestine 
(Fig. 5, 111$) which is retained throughout life. Secondary, lateral 
mesenteries, however, are also found. 

With the development of the pre-oral lobe, the principal sections- 
of the alimentary canal and the coelomic sacs, the chief parts of 
the embryo are represented in rudiment, and now the whole surface 
becomes clothed with cilia. Thickening of the ectoderm now takes 

* [According to Masterman (No. IL), there are three perfectly distinct 
coelomic cavities in the larva, viz. — a pre-oral or epistomal cavity, a collar- or 
lophophoral-cavity, and a trunk -cavity. Their origin is not described. — £d.] 
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place at two definite points. The anterior thickening which occurs 
at the apical end of the emhryo (Figs. 3, 4 B) may be regarded aa 
the homologue of the neural plate of other larvae, and yields the 
ganglion known as the brain,* which here, throughout life, retains its 
original epidermal connection. A second thickening of the ectodenu 
appears behind the mouth as a semicircular, ciliated swelling. From 
this, which may be regarded as the equivalent of the post-oral ciliated 
ring, the row of larval tentacles develops (Figs. 3, 4 -B), and also 
the nerve -strand that runs along their points of insertion. The 
tentacles begin to appear early as outgrowths of the body-wall; 
they rapidly increase in number, fresh pairs being added dorsally 
(Figs. 3, 4 B). If this row of tentacles is to be traced back to a 
transformation of a post-oral ciliated ring, we may regard a strongly 
ciliated swelling appearing at the edge of the pre-oi*al lobe as the 
pre-oral ciliated ring. The posterior part of the body which carries 
the dorsally displaced anal aperture now grows out into a large 
cone, the end of which is surrounded by a circum-anal ciliated ring 
(Figs. 3, 4 (7 and D). Three body-regions can be distinguished in 
the larva, which must now be called the Actinotrocha (Figs. 3, 4 -B 
and C) — (1) the pre-oral lobe ; (2) the post-oral section which carries 
the crown of tentacles and covers the posterior part of the body 
like an apron; and (3) the posterior or anal section. 

The changes just described, which lead to the development of 
the Actinotrocha, take place after the commencement of free larval 
life. The youngest larva, just hatched from the egg (Fig. 4 u4), is 
still without the crown of tentacles, two small projections lying near 
the anus being the only indications of the tentacle-rudiments, f 

IL Metamorphosis. 

The PTwronis larva (Figs. 3 and 4 B)y the shape of which has 
been described above, was discovered by Joh. MCller and described 
as Actinotrocha branchiata, and was afterwards more carefidly 
examined by Waqbnbr, Gbgbnbaur, and others. Krohn (No. 7) and 
ScHNBiDBR (No. 10) investigated the metamorphosis which led to 
the production of a Gephyrean-like form, Kowalevsky (No. 6) being 

* The prc-oi-al lobe, together with the brain of the larva, is, as we shall fee 
below, thrown off during metamorphosis. Since, however, these parts are 
regenerated later, we may still theoretically trace them back to the corre- 
sponding parts of the larva. 

t [For the structure of the Actinotrocha^ see Mabterhan's recent work 
(No. II.) on this larval form. These observations, if confirmed, would show 
that Phorcnis is directly related to Balanoglossus, CephalodiscuSf and Bhahdo- 
p/euTO.— Ed.] 
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the first to prove that the AdinotrocJia was the young form of 
the Phoronis discovered by Wright. Since that time, the meta- 
morphosis of Phoronis has been more accurately investigated by 
Metschnikoff (Xo. 8), Wilson (Xo. 11), and Caldwell (Xo. 1). 
The first changes that take place in the Adinotrocha consist of 
a simple increase in size through growth 
and a continual increase in number of 
the tentacles. At the same time, a 
sensory organ develops in front of the 
neural plate, four eye-spots being added 
to it in one species. The pigment-spots 
characteristic of the dififerent species 
now also develop on the pre-oral lobe 
and on the tentacles. 

Rudiments now appear of the de- 
finitive structures that are destined to 
replace the larval organs. Of these, 
the first to develop is an invagination 
of the body-wall on the ventral surface 
of the posterior region of the larval 
body (Fig. 4 (7, iv\ and in this the two 
layers of the body-wall (the ectodeim 
and the somatic mesoderm) can be distinguished. This invagination, 
which soon grows as a much-coiled tube into the larval body-cavity, 
represents, as we shall see, the rudiment of the greater part of the 
body-wall of the adult. Small truncated processes now develop at 
the base of the crown of tentacles, and from these are derived 
the adult tentticlos (Fig. 4 D\ 

When these structures have appeared as rudiments, the Adirw- 
trocha sinks to the bottom, the critical moment of the commencement 
of metamorphosis having arrived, the whole process being accom- 
plished within a quarter of an hour. ]Metamorphosis is introduced 
by the evagination of the tube mentioned above (Fig. 4 Z>), this 
being protruded like the tentacle of a snail. Since the alimentary 
canal, together with its mesentery, is attached to the inner end of 
this tube, it soon has to follow the movement thus begun, and so 
comes to lie inside the completely evaginated tube (Fig. 4 E). 
During these changes the rest of the larval body loses its turges- 
cence. The oral and anal apertures therefore come to lie remarkably 
near one another. The pre-oral lobe of the larva is now thrown off, 
and the same fate overtakes the larval tentacles and the circum-anal 



07f 

Fio. 8.— Larva of Phoronis f Adino- 
trocha), after Metschkikoff, 
from Balfour's Text-book, m, 
mouth ; an, anus. 
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cQiated ring. The lost larval organs in the oral region consequently 
have to be replaced by extensive regeneration. It has already been 
mentioned that the rudiment of the permanent crown of tentacles 
which soon assumes the form of a horseshoe -shaped lophophore 
appears early. 




Pio. 4. — A series of stages in the metamorphosis of PhoronU fixim the AcUnotrocha (after 
McTBCHNiKorF, ttom Balvour's Text-book}. A, young larva. £, larva after the develop^ 
ment of the post-oral ring of tentacles. C, larva in which the invagination (iv) is com- 
mencing, fh>m which is derived the greater part of the body of the PhoronU. D, 
invagination partially, and £, completely everted, an, anus ; m, mouth. 

By means of this remarkable metamorphosis, an animal is pro- 
duced the body of which is derived for the greater part from a 
prolongation of the ventral side of the larva. The dorsal side, on 
the contrary, has undergone considerable abbreviation, and can be 
recognised in the short tract lying between the mouth and the anus. 
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sand or even in a tube, a sliiiting similar to that which takes place 
in the Sipunailidae (Vol. i., p. 363). 

The fact that, in the trunk region of the adult Phoronis the 
symmetrical arrangement of the body begins to be disturbed, is no 
doubt connected with the tubicolous manner of life. There is thus 
a longitudinal nerve-strand on the left side, and, according to CoRi 
(Xo. 4), a new plane of symmetry, diiferent from the original one, 
is evident in transverse sections in the grouping of the longitudinal 
muscles in Phoronis psaimnophila. Indeed, in the presence of 
secondary and tertiary mesenteries, which leave between them distinct 
intervals containing the groups of longitudinal muscles, there is a 
tendency to the development of the radial type. 

It should here be pointed out that, in Phoronis, the cephalic region 
is often lost and again regenerated. According to CoRi (No. 4a), 
not only the tentacle crown, but with it a part of the oesophagus, 
the epistome, the ganglion, the so-called lophophoral organs, the 
blood-vascular ring, and perhaps also the nephridia are lost. The 
spontaneous throwing off of the cephalic section is specially liable 
to occur when the animals are placed in unfavourable conditions 
of existence. This process closely resembles the throwing off of 
the head in Pedicellina and in the Tubularia ; and the same process 
is found in the Ectoproctous Bryozoa, in the disintegration and 
subsequent regeneration of the polypide (p. • 55). 
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CHAPTER XVI. 

BRYOZOA ECTOPROCTA. 

Colonial Bryozoa with the anus outside the lophophore, with a 
well-developed introvert and a spacious coelom. 

Systematic : — 

A. PHYLACTOLAEMATA. Fresh-water forms, with horse- 
shoe-shaped lophophore prolonged into two arms; with epistome 
overhanging the oral aperture {GristcUella, Plumatella^ Pectinatdla, 
Fredericdla). 

B. GYMNOLAEMATA. Mostly marine; with circular lopho- 
phore; without epistome. 

I. Cyclostomata. Apertures of the zooecia terminal, circular 
and devoid of closing apparatus; without appendages {Crisia, 
Diastopora^ Homera, Tuhtdipora, Frondipora), 

II. Ctbnostomata. Apertures of the zooecia terminal, closable 
by means of tooth-like or seta-like projections of the tentacle-sheath. 

1. Halcyonellea {Alcyonidium, Phsrusa, Flustrdla), 

2. Stolonifera {VesiaUaria, Amathia, Botoerbankia, FareUoy 
Hypophorella ; the fresh-water forms PcUudiceUa and Victordla 
also belong here). 

in. Chilostomata. Apertures of the zooecia not, as a rule, 
terminal,, usually closable by a movable lid. 

1. Stolonata {AeteUy Eucratea). 

2. Radicellata. 

a. Cellularina {CelMariOj ScrupocdlariOj Bugvla), 

b. Flustrina {Flmtra^ Memh-anipora), 

c. Escharina {Eetepora, Micropordla^ EscharOy LepraliOy 

JSchizoporella), 
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FORMATION OF THE BOG. 13 

L Formation of the Egg, Fertilisation, Position of tlie 
Embryo. 

The genital products of the Ectoproctous Bryozoa arise in cell- 
masses which originate as growths of the mesodermal parenchy- 
matous tissue (marine Ectoprocta), or of the peritoneal epithelium 
corresponding to the latter (Phylactolaemata), on the inner side of 
the body-wall {endocyst\ or else in strands of the so-called funicular 
tissue. The ovaries are very generally found on the neural wall 
(dorsal side) in the anterior or middle part of the body; the testes 
lie at the base of the zooecium (z.e., in the proximal part). In 
the fresh-water Bryozoa, the genital rudiment frequently bears a 
relationship to that part of the mesenterial strand which is known 
as the funiculus. In PcUvdicdla^ for instance, the eggs lie on the 
body-wall near the point of insertion of the upper funiculus, while 
the spermatozoa arise on the basal portion of the lower funiculus. 
In the Phylactolaemata, on the contrary, the ovary lies on the 
oral body-w^all, while the spermatozoa, as a rule, develop in acinifomi 
masses at the upper part of the funiculus. In Cristaiella, the 
spermatozoa arise on the mesodermal septa of the body-cavity. 

The genital products pass into the body-cavity, where, in some 
forms, fertilisation takes place. Since the Bryozoa are, as a rule, 
hermaphrodite, and as it is difficult to state in what way foreign 
spermatozoa can reach the body-cavity, self -fertilisation has been 
assumed to occur. The fertilised eggs 'either pass through the 
whole of their embryonic development, up to the time when the 
ciliated larva is formed, within the body-cavity of the parent, or else, 
through the dehiscence of the body-wall, reach the tentacle-sheath 
(VcUkeriOj Jolikt, No. 17; Lepralia and Vesicvlaria^ Ostroumoff, 
No. 26), in the cavity of which they pass through the embryonic 
stages till the larva hatches, or else the eggs (as in many Chilo- 
stomata) are received into special outgrowths of the zooecium which 
serve as brood-cavities. These are the ooecia and ovicells which have 
been described as individuals of the polymorphous Bryozoan stock 
peculiarly metamorphosed for the care of the brood.* 

In those cases in which the larvae pass through' their earliest 
ontogenetic stages in the body-cavity of the mother, they escape 
either through the aperture of the zooecium, after the polypide to 
which they belong has undergone degeneration, or else there is a 
special aperture near the base of the tentacles for the passage of the 

* [In some Cydostomata (Crisia) the ovicells are undoubtedly modified zooecia 
in which the polypide is rudimentary or degenerate. — Ed.] 
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embryos. Such an aperture was found in FareUa by Van Bei^sden, 
and in Hypophorella by Ehlbrs. 

In a few Gymnolaemata (Alcyontdium gelaiinoswrriy Memhranipora 
pilom) Farrb, Schmidt, and Hinges found a flask-shaped ciliated 
canal (nephridium ?) connecting the body-cavity with the surrounding 
medium and opening out between the tentacles. Protjho (No. 28a) 
recently observed in some species of Alcyonidium^ that this inter- 
tentacular organ wa^ connected with oviposition. In Alcyontdium 
albiduniy the eggs probably undergo fertilisation within the body- 
cavity and become suiTounded by a soft shell, being then ejected 
into the surrounding medium through tlie intertentacular organ while 
the parent polypide is extended, further development taking place in 
the water. More complicated conditions are found in Alcyontdium 
duplex. In this form, at the period of sexual maturity, the (male) 
polypide of a zooecium which is without an intertentacular organ 
develops spermatozoa. At the same time, on the aboral side of this 
zooecium, a second (female) polypide, provided with an ovary and 
an intertentacular organ, is developed; soon after fertilisation the 
male polypide degenerates. 

The fertilised eggs, which are provided with a shell, probably 
reach the tentacular sheath through the intertentacular organ ; here, 
each attached by a fine stalk, they pass through their further 
development. When the polypide is extended, the part of the 
tentacle-sheath carrying tlie eggs is evaginated. In this position 
the egg-shell bursts and the larva swims about freely. 

Within the ovaries, which originally consist of small, indifferent 
cells, a few (2-5) young egg-cells soon appear, tlie remaining cells 
becoming grouped round these to form a follicular epithelium 
(ViGELius). Of these young egg-ceUs, two at first develop more 
tlian the others ; but, as a rule, only one egg becomes fully mature. 
This egg remains at first connected with the ovary by means of a 
strand, while what remains of the ovary draws back to the body-wall 
so as to serve later as the place of origin of another egg. (On the 
conditions of the maturation of the egg and the ooecia of the 
Phylactolaemata, see below, p. 33.) 

Remarkable conditions of erobryogenesis were found by Harmer (No. 15) in 
Crfsia, a form in which the ripe ovicells contain a large number of embryos.* 
Beside these ia found a protoplasmic nucleated network which sends out finger- 

* [This condition is brought about by a fission of the primary sexually- 
produced embryos. As many as one hundred secondary embryos produced by 
budding are found in a single ovicell. Harmer, Quart, Joum. Micro. Sei.^ 
Vols, xxxiv. and xxxix. — Ed.] 
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shaped processes, from the free ends of which the embryos arc developed like 
Luds and eventually cut off. In quite young ovicells, on the contrary, a single 
"egg-cell, surrounded by a follicle, is found ; this appears to give rise to tlie 
finger-shaped budding organ mentioned above as producing the embryos. In 
Crisiay therefore, the number of embryos produced by the early division of the 
primary embryo is larger. The mature larvae swim out through the tubular 
aperture of the ovicell. 

According to Van Beneden and Peruens, the maturation of the egg is 
connected in a certain regular way with the disintegration of the polypide* that 
produces it, and, in some forms {Flustra trurieata, Microporella malusii, Bugula 
simplex and turbinata) with its later regeneration, so that, when the egg is folly 
mature, the polypide undergoes histolysis, and becomes changed into a brown 
body. While the ovary brings another egg to maturity, a new polypide forms. 
For details of these processes of regeneration see below, p. 55. Among these 
must also be reckoned the above observations of Prouho on Alcyonidium duplex. 
In the Phylactolaemata also, as a rule, during the development of the embryos 
and the statoblasts, the polypide to which they belong degenerates, but, in this 
case, there is no subsequent regeneration. 

IL Embryonic Development. 

The mature, spherical, or ellipsoidal eggs are surrounded by a 
hyaline membrane called by Pbrgbns the chorion. In the ovum 
can be recognised a vesicular nucleus with spherical nuclear bodies, 
and a granular yolk often yellow or brown in colour. The two polar 
bodies, which are usually of unequal size, correspond in position to 
the animal pole of the egg. 

The first ontogenetic processes in the egg of the marine Ectoprocta 
are best known in Leprcdia (Barrois, Nos. 6 and 7), in Tendj-a 
zosiericola and Boicerbankia (Repiachoff, Nos. 32 and 34), in Bugula 
cakUhtts (ViGBLius, No. 39), and in Microporella inalusii (Pergbns 
No. 27). In these eggs cleavage is total and almost equal (Fig. 6). 
The two-celled stage is attained by means of a meridional furrow, 
and the four-celled by means of another meridional furrow at right 

* The expressions "polypide" and "cystid** correspond to an older view, 
according to which the cystid forming the wall of a chamber represents an 
individual which gives rise asezually through budding to the polypide. Each 
cliamber of the Brvozoan stock, consisting of a polypide and a cystid, would 
then represent a double individual or a miniature colony. This view was 
founded on the great independence of the polypides as shown in the processes 
of degeneration and of regeneration above-mentioned. Although we do not 
share this view, we still retain in use these expressions which have become 
established. The cystid, then, means to us the lower part of the body- wall, 
while the polynide represents the retractile anterior section of the body with the 
intestinal canal attached to it These two are merely parts of one individual. 

[Acting on the suggestion of Dr. Harhbk, we have substituted the term 
**2ooecium" for cystid in referring to the outer parts of the ordinary adult 
individual, as this term is of much more general use in English works on tho 
Biyozoa. — Ed.] 
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angles to the first ; this stage, in consequence of an equatorial furrow, 
passes over into the regular eight-celled stage (Fig. 6-4). A small 
blastocoele can frequently l)e observed as early as this stage, and the 
animal pole can be distinguished from the vegetative pole by a differ- 
ence of size — often only very slight — in their respective blastomeres. 
In the further segmentation there is a peculiarity worthy of note. 
The sixteen-celled stage is reached through the appearance of two 
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Fio. G.— Cleavage and embryonic stages of Btigula cala^h'^ls (after ViaeLius). J, stage with 
eight blastomeres. fi, stage with sixteen blastomeres. C, stage with thirty-two blasto- 
meres. All seen fh)m above. The dotted lines ia A and B indicate the direction of the 
next cleavage planes. D, blastulft-stage in vertical section. R and f, gastnila-stages. 
(r, a later ontogenetic stage c, corona-cells; ec, ectoderm; en, entoderm; /, cleavage- 
cavity ; z, central tissue derived from the primary entoderm. 

furrows lying on either side of the first meridional plane and running 
parallel to it. An embryo thus results, each half of which consists 
of eight cells (in two rows of four, Fig. 6 B). A similar division 
leads to the thirty-two-celled stage (Fig. 6 (7), two furrows forming 
parallel to and at the sides of the second meridional plane. Each 
half of this embryo consists of four rows, each containing four cells. 
This stage is followed by less regular divisions and results in a 
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blastula bearing a general resemblance to a biconvex lens (Fig. 6 D). 
A more active division of the cells of the animal (later aboral) pole 
can now be remarked, while, from the vegetative pole, four entoderm- 
cells wander into the blastocoele (Fig. 6 E), As soon as the 
entodenn-cells have shifted inwards, the surrounding ectoderm-cells 
seem to jom together. This type of entoderm-formation may be 
traced back to polar ingrowtL A shallow depression in the region 
of the vegetative pole is often noticeable during these processes. 

After the ectoderm has completely closed, the four entoderm-cells 
multiply, their derivatives becoming grouped so as to enclose a small 
slit-like cavity (archenteric cavity. Fig. 6 F), This cavity is usually 
obliterated later, the entoderm-ceUs multiply still more, and finally 
yield a mesenchyme or embryonic connective tissue (the inner mass, 
central tissue, " Fiillgewebe,'' Fig. 6 G, 2), which completely fills 
the blastocoele. This tissue, which seems to be of little impor- 
tance in the later development, playing merely a passive r61e, 
soon assumes a reticular character (Fig. 9 B, /). While these 
processes have gone on within, two rows of cells at the edges of 
the biconvex embryo have become distinguished by their larger size 
(Fig. 6 E and F) ; one of these rows at a later stage becomes very 
conspicuous, forming the rudiment of tlie ciliated ring or girdle of 
the larva, and is known as the corona or velum (Fig. 6 G, c). 

After the larva has attached itself, the central tissue gives rise to the meso- 
dermal portion of the first sedentary individual (primary zooecium), i.e., to 
the parietal mesoderm-layer on the inner side of the endocyst, and to the 
outer layer of the sac-like rudiment of the polypide (Fig. 12, 6, p. 29). The 
rest of the central tissue unites with the cell-mass yielded by the degeneration 
of the larval organs to form a spherical mass (the so-called broum body), which 
is composed of remains of cells, particles of food-yolk and detritus, and which, 
when the first polypide develops, is used up as food material. 

The central tissue is derived direct . from the primary entoderm of the 
gastnila-stage. This germ-layer does not, as a rule, separate into mesoderm 
and definitive entoderm. Barrois (No. 7), indeed, maintains that such a 
separation does take place in LeprcUia unicornis^ the mesoderm thera becoming 
arranged in paired mesodemi-bands. His observation, however, has received no 
further confii-mation through researches made in connection with various other 
genera. In those few forms in which an alimentary canal is developed, there 
must of course be a separation of the mesodenn from the definitive entoderm. 
In quite early stages (corresponding to that in Fig. 6 F)t a separation of 
the mesoderm from the entoderm was observed by Prouho (No. 28b) in the 
embryos of Alcycnidium and Membranipora pilosa {CyphoimiUes), but no further 
details as to the rise of the mesoderm could be observed. 

The embryo which originates in this manner (Fig. 6 G\m which 
two body-layers (ectoderm and central tissue = primary entoderm) 
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can be distinguished, gives rise to the typical Ectoproctous larva by 
certain characteristic modifications of the ectoderm. The cells of 
the coj'07ia increase in size and become covered with cilia, giving 
rise to a transverse ciliated zone (Fig. 7, c), by means of which the 
body of the larva is divided into an upper aboral half (corresjwnding 
to the former animal pole) and a lower oral half. Li the aboral 
half, a disc-like thickening be«et at its edge with stiff setae develops 
(Fig. 7, ?•); this is the so-called retractile or cilicU&l disc {calotte 
of Barrois, cap)y which has been regarded as the rudiment of 
the polypide that develops in the primary zooecium of the 
Bryozoan stock. At its periphery, this organ is encircled by a 
depression (Fig. 7, p^ mantle-cavity Barrois). In the oral half, 
two organs develop first of all, the plane of symmetry of the larva 
being marked by their position. In the posterior portion of the 
oral side a deep ectodermal depression occurs; this originally has 
the form of an almost completely closed sac (Fig. 7, s), and from 
the fact that it serves as an attaching organ during the subsequent 
metamorphosis, it is called the sucker {sac interne^ Barrois).* 
Further forward there is a median furrow beset with strong 
flagella, the so-called anterior ectodermal furrow (oral fuirmc 
of NiTSCHE, fente of Barrois, dorsal organ of Balfour); this is 
connected internally with a glandular tissue to which Barrois gave 
the name of pyriform organ (Fig. 7, o). In the space l^etween the 
anterior ectodermal furrow and the sucker, the oral aperture (Fig. 
7, in) is found in those larvae in which an alimentary canal develops. 

IIL Metamorphosis. 

The metamorphosis of a Bryozoan larva comprises a more or less 
protracted free-swunming stage, during which no perceptible advance 
is made in the development of the animal, and further, the attach- 
ment of the larva, and the subsequent somewhat complicated changes 
which bring about its transformation into the first primary zooid 
of the young Bryozoan colony. 

Although there is no difficulty in tracing back the larvae of the 
Ectoprocta to a common type resembling that indicated alx)ve, we 
find certain distinguishable larval types, which, for the sake of 
clearness, must be treated separately. The description of each larva 

• It should here be pointed out that the name "sucker" is calculated to 
convey a false impression as to the function of this ectodermal invagination, 
which is in reality merely the basal plate of the future primary zooecium in 
preparation and in an invaginated condition. Fixation does not occur through 
suction, but only after the evagination of this basal plate, as will be seen later. 
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will be followed by the account of its transfonhation into the 
attached form, as far as this latter is accurately known. 

1. Type which develops an Alimentaxy Canal 

We shall commence our study of the Ectoproctous larvae with 
the consideration of a few isolated forms, which, in external sti-uc- 
ture, do not greatly differ from the typical larva (especially from 
that of the Escharina), but which in the higher differentiation of 
their internal organs show a more primitive condition. In the 
possession of a weU-developed (though also to some extent function- 
less) alimentary canal especially, these larval forms afford important 
points of comparison with the larvae of other groups, whereas, in 
most other Ectoproctous larvae, the primary entoderm gives rise 
merely to a parenchyma (central tissue), which in many forms 
contains a yolk-mass. 

a. Larva of AlcyonidinnL 

The larva of Alcijonidium (Fig. 7) has already been described and 
figured by Farre and others, and later by Barrois (No. 6), its 
internal structure having been specially investigated by Harmer (No. 
13). This larva differs little externally from the type which we shall 
find retained in the Escharina. When viewed from above, it appears 
perfectly spherical; when seen from the side (Fig. 7-4) the oral 
surface is distinguished by its greater convexity from the flat 
•aboral side. Almost the whole of the latter is occupied by the 
retractile disc (Fig. 7, r), bordered with stiff cilia, this organ being 
separated by a circular depression {mantle-cavity^ p) from the ciliated 
corona (c) which is composed of large cells. On the oral surface, in 
the anterior region of the larva, we can recognise the anteriar 
ectodermal furrow (o), at whose edge are cilia which, anteriorly, 
become grouped together to form a ciliated tuft (plumet). In the 
posterior part of the larva the sucker-invagination (s) is visible. 
Two pairs of flagella belonging to the posterior region of the oral 
surface should also be mentioned. 

In a longitudinal section (Fig. 7 B), we recognise first the large 
cells of the ciliated ring (c), then, in the anterior part of the oral 
surface, the jryriform organ (o) lying at the base of the ectodermal 
groove, consisting of elongated ectodermal cells that possess a 
peculiar histological character. Between this organ and the aperture 
of the sucJcer («), which lies further back, is the oral aperture {in) 
leading through a narrow oesophagus, which may have arisen as 
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an ectodermal invagination, into a wide gastric cavity that ends 
blindly. A comparison with the larvae of Terulra and of Cypho- 
nautes renders it probable that the part lying behind the aperture of 
the sucker corresponds to the anal region. This distinctly developed 
alimentary canal appears to be a vestigial organ, there being na 

indication that it 
R ^ actually functions. 

It degenerates in 
the further course 
of larval life. 

The thickness 
of the epithelium 
which lines the 
mantle-cavity (p) 
is remarkable, and 
contrasts with the 
somewhat thin 
ectodermal layer 
of the retractile 
disc. Closely con- 
nected with the 
latter layer, in the 
anterior part of 
the larva, there is 
a cell-mass (Fig. 
7 i?, g) which 
Harmer (No 13) 
regards as the 
brain. This author 
observed, arising 
within this cell-mass, fibrous strands, some of which are said to 
become connected with cells of the ectodermal furrow, while others 
can be followed into the neighbourhood of the large coronal cells. 
Should these statements be confirmed, we should appear justified in 
considering the pyriform organ as a sensory organ, whereas until now 
its histological constitution seemed to point to the conclusion that it 
functioned as a gland. The presence of a larval brain comparable iu 
position to the neural plate would be of importance in tracing the 
Ectoproctous larvae back to the Trochophore. The statements of 
Harmer have recently been confirmed by the researches of Prouho 
(No. 28) in connection with Flustrella^ but on account of the 




Fio. 7.— -4, lan'a of Alcyonidium myHli (after J. Barrois). B, 
longitudinal vertical section through the lar\''a of Alcyonidium 
(diagram constructed after the figures of Harmer). c, coronal 
cells ; g, brain (?) ; m, oral aperture ; o, pyrifonn organ ; p^ 
mantle-cavity ; r, retractile disc ; s, sucker. 
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difficulty of investigating this point, we are unable as yet to accept 
with certainty the interpretation that these fibrous strands are nerves. 

b. Laiva of Tendra. 

If we leave out of account Cyphonautes, to which reference will 
shortly be made, Rbpiachofp (No. 32) deserves the credit of having 
been the first to prove the existence of a well-developed alimentary 
canal in a typical Ectoproctous larva. This author found in the 
larva of Tendra (Memlrranipara) zostericola^ which in other respects 
follows the type of the ordinary Escharina larva, and also resembles 
the Ahyonidium larva, an intestinal canal, the oral aperture of which 
lies in front of the sucker, while the anal aperture lies behind that 
organ. The Tendra larva would thus approximate to the larva of 
Alcyonidium in the topography of its internal organs. 

c. Larva of Membranipora and Flustrella. 

The larva of Membranipora has frequently been investigated. 
Ehbenbbro placed it under the name of CypTionautes among the 
Rotatoria; later, Joh. MOllbr compared it with the larva of 
Mitraria; and Sbmpbr, Leydiq, and Claparj^de (No. 1) declared it 
to be a LameUibranchiate larva, Schnbidbr (No. 5) being the first to 
establish its true affinities as the young of Mendrranipara, Later 
observations were made by Allman, Metschnikofp (No. 19), 
Hatsghbk (No. 2), Barrois (No. 6), Repiachopp (No. 4), and 
Prouho (No. 28) as to the structure of Cyphonatdes, while its 
attachment and transformation were investigated by both Schnbidbr 
and OsTROUMOFP (No. 3). It appears from the statements made by 
these authors that CypTionautes agrees closely in all important points 
with the typical Ectoproctous larva (e.g., Alcyonidium larva), the 
apparent differences between them being of an unessential kind. 

Cyphonatdes (Fig. 8.) resembles in shape a laterally compressed 
bell. The lower surface is bordered by cilia. If we compare this with 
the corona of the Alcyonidium larva, we find that we must regard 
the external surface of the bell as the aboral side, and the under 
surface of the bell as the oral side partly invaginated to form a 
vestibule or atrium. The whole body is covered externally by two 
triangular shell-valves connected together along their anterior edges, 
which run parallel to the fibrous strand (Fig. 8, /). The two 
valves that come into contact along this hinge-line cover the laterally 
compressed body on the two sides. Their posterior edges, which run 
parallel to the mid gut and the hind-gut (the intestinal edges), are 
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sharply bent round towards the middle line of the body. The shell- 
valves meet at this point like pincers. Near the lower aperture (the 
entrance to the atrium) the valves gape. At the aboral pole, a 
prominence (;•) covered with stiff cilia projects from the shell, but 
can be withdrawn into it. In this we recognise the homologue of 
the " retractile disc." 

Some uncertainty still prevails as to the ciliated ruig that runs 
round the edge of the bell. Accoi-ding to Ehrenbbrg and Hatschkk, 

there is a single com- 



./■ 




plicated ring, forming 
many coils, but 
Clapar4:db and 
Sciinbtdkr, whose 
view has been adopt- 
ed by Prouho, think 
they can distinguish 
two distinct rings of 
cilia, an anterior ring 
in the neighbourhood 
of the pyriform organ 
(o) and a posterior, 
circum-anal ring, part 
of which sinks into 
the atrium. 

On the oral invagi- 
nated surface we 
notice tii'st, in the 
anterior angle, a cell- 
mass provided with 
a tuft of cilia; this is the pyriform organ (o). According to 
Rbpiachoff, two parts may be distinguished in it; an invaginated, 
sucker-like epithelial thickening surrounded by a ring of cilia (ecto- 
dermal furrow), and a ceU-accumulation lying above this (the actual 
pyriform organ). As in AJcyoiiidium^ this organ is connected with 
the retractile disc (r) by fibrous stmnds (/), some of which have 
been claimed as muscle-fibres and some as nerve-fibres (Prouho). 

Cyplionautes has a fully-developed and functional alimentary canal. 
The oral aperture {in) is found in the base of the atrium, and leads 

* [The organs s and b' are not isolated structures as repi^esented in the figure, 
but are situated underneath the body- wall, which latter should be indicated as 
a line extending forwards from the anus below s and s' and joining the ciliated 
ring near the mouth. — Ed.] 



Fio. 8.— LArva of Mtmbranipora = Cyphonautes (combined from 
the figures of Claparede, Schneider, and Hatschkk). 
a, atrium ; an, anal aperture ; /, fibres connecting the pyri- 
form organ (o) and the retractile disc (r) ; m, month ; 
t, glandular thickening (homologue of the sucker); »', 
similar, smaller organ (shell-add uctor muscle).* 
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into a very expansible oesophagus, which ascends towards the aboral 
surface; here it bends sharply downwards and joins the dilated 
stomach which passes into the hind-gut. The anal aperture (an) 
opens into the atrium. In the space between the mouth and the 
anal aperture there is a paired glandular thickening (s), Near this 
kidney-shaped organ lies a similar smaller organ («'). Ostroumofp 
has shown that when the larva begins to change into the sedentary 
form, fixation takes place by means of this paired disc and the 
cementing substance secreted by it, so that we may regard it as 
the homologue of the sitcker of other Ectoproctous larvae. 

The smaller organ seen Dear the sucker was assumed by Schneideb and 
H. Prouho to be the transverse section of the adductor muscle of the shell. 

It is evident from the above description that CyphtmavUs agrees in all 
important points with the typical Akyonidiuvi larva, from which it is distin- 
goisbed chiefly by the slighter development of the retractile disc and by the 
absence of a circular mantle-cavity surrounding that organ. In place of this 
cavity we find an extensive surface (mantle-surface) on the aboral half of the 
body, which secretes the two cuticular shell-valves. The oral surface does 
not here, as in AlcyonidiuMy bulge out downwards, but is withdrawn into 
the interior of the body, forming an atrium such as is also found in the 
Entoproctous genus Pedicellina, 

Intermediate between the CyphaiuixtUs and the Alcyonidium type we may 
place the larva of Fliistrella hispida, known through the researches of 
Uetschnikoff (No. 20), Barrois (No. 6), and Prouho (No. 28). In this 
larva, the rudiment of the alimentary canal appears in the embryonic stages, 
but degenerates later. In other respects, the development of the FluUrella 
larva agrees closely with that of the Alcyonidium larva. An embryo develops 
in which the central part of the aboral surface becomes marked off from the 
corona by a circular mantle-cavity. Only secondarily docs the corona bend 
round downwards in the form of two lateral lobes, apparently enclosing the 
oral surface in an atrium, while the circular mantle-cavity disappears. Paired 
shell- valves then appear and cover the whole aboral surface with the exception 
of the very small retractile disc. A similar though less complete trans- 
formation in the same direction is found in the larva of EucraUa chelata 
(Barrois). 

The researches of Prouho have led to interesting revelations as to the 
internal structure of the Fluatrella larva. With regard to the presence of a 
nervous system, Prouho's researches agree essentially with those of Harmeb. 
In the Fbistrdla larva, the retractile disc is connected, as in CyphonaiUes, with 
the pyriform organ by a strand of muscle-fibres. Along this strand runs a 
bundle of nerve-fibres ; these start from the retractile disc and can be followed 
as far as to the cells of the ectodermal furrow and of the corona. In their 
course, single fibres of this bundle become connected with ganglion- cells. 
Prouho thinks that he can trace back the elements regarded by Harmer as 
ganglion-cells to simple mesoderm-cells, and considers certain elements which 
are provided with large nuclei as the true ganglion-cells of this region. 

When the complex organ connected with the ectodermal furrow is more 
carefolly examined, an inner cell-complex (glandular organ, pyriform organ 
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in a restricted sense) is found to be distinct from the ciliated cells of the 
ectodermal farrow. In this organ, which is evidently of glandular structoie, 
three parts can be made out The lateral parts show radially arranged cells 
opening into the ectodermal furrow, while the cells of the middle part mn 
longitudinally and open into a small pit lying in front of the ciliated tuft of 
the ectodermal furrow (Prouho). 

Further, there is in this larva a highly developed musculature, consisting of 
lateral parietal and longitudinal muscles, and of a shell-adductor, already 
noticed by Metschnikoff. A mesodeimal cell-layer lying below the ectoderm 
plays an important part in metamorphosis, the mesoderm -layer of the developing 
polypide and of the primary zooecium being formed in it 

The transformation of the larva of this type into the sedentaiy 
form (primary zooid of the colony) takes place in the same way 
as in other Ectoprocta; the i-eader is therefore referred to the 
description of the metamorphosis of Bugvla and Lep^'oHoy given 
on p. 27. It need here only be mentioned that Ct/phonnutes, whose 
metamorphosis has been made known through the researches of 
ScHNBiDBR and OsTROUMOFF, attaches itself by means of the paired, 
disc-like organ mentioned above on the oral side of the body, and 
on the degeneration (histolysis) of the internal organs, changes into 
a spherical mass covered by the shell-valves, this being the rudiment 
of the primary zooecium. While the ectocyst of the zooecium is 
secreted on the surface of this mass, the polypide of the first 
chamber is derived from the retractile disc through ontogenetic 
processes to be described later (Sohneidbr and Ostroumopf). 

With regard to the last point, the recent researches of Pbouho in connection 
with Fhcstrella have led to the remarkable discovery that the retractile disc, 
like all other larval organs, becomes invaginated and undergoes degeneration. 
During this process, a thickened disc forms out of the surrounding ectoderm, 
mesodermal elements joining it on its inner side. This bilaminar plate, which 
lies in the place of the degenerated retractile disc, now in its turn becomes 
invaginated, and thus gives rise to the sac-liko rudiment of the polypide. 
Even though most other authors regard the polypide as derived directly from 
the retractile disc, it must be considered probable that the ontogenetic process 
here described in connection with Flustrella is the rule in the development 
of the polypides in all Ectoproctous larvae. 

Pherusa tuhulosa^ which, according to PfiOUHO (No. 28a), is also distinguished 
by the possession of a bivalve shell, is allied to the above type, and the larva 
of Hypophorella^ according to the same author (No. 28b), also approaches 
this type. 

2. Type of the intestineless Ghilostomatous Larva with 
slightly-developed corona. 

The larvae of this type, in outward appearance, almost exactly 
resemble the Akyoiiidium larva. They chiefly occur in the Escharttia 
tribe, an example being found in Lepralta Pallasiana, which 
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has been described in detail by Barrois (No. 9). Here also wc 
find the oral and aboral surfaces separated by a corona of somewhat 
large ciliated cells. The aboral surface shows the well developed 
retractile disc surrounded by a circular mantle-cavity; on the oral 
surface, the ectodermal furrow with its ciliated tuft and the sucker- 
invagination are situated. Strong pigmentation is often found in 
the larvae of this and the following types, paired patches of pigment, 
like eyenspots, being found in individual cases. The most essential 
distinction between the larvae of this type and the Alcyonidium 
larva is the entire absence of the alimentary canal. We assume 
that the inside of this larva contains only the so-called central tissue. 
In the very imperfect state of our knowledge of the anatomy of 
these larvae, it must still be regarded possible that many of them 
may possess a well-developed alimentary canal. We are therefore 
unable at present to define exactly the distinctions between this 
type and the one last described. 

The metamorphosis of the larvae of this type will be described 
together with that of the following type. 

3. Type of the intestiiieless Chilostomatous Larva with 
biglily-developed coroiia. 

a. Stractnre of the Larva. 

We shall take as type of this group the larva of one of the 
Cdlidarina, the BugtUa larva (Fig. 9), which has become well knoAvn 
to us through the researches of Nitschb (No. 22), Clapar^idb (No. 
10), Salbnsky (No. 37), Barrois (No. 9), and Vigelius (Nos. 39 
and 40). The intestinal canal here also is altogether wanting. The 
primary entoderm changes direct into the so-called central tissue 
(Fig. 9 B, /). The distribution of the ectodennal organs is the 
same as in the larvae of the Alcyonidium and the Escharina types ; 
the whole form of the larva, however, is somewhat different, 
chiefly on account of the great growth of the coronal cells (c) in 
the direction of the principal axis. These cells lengthen greatly, the 
whole of their surface becoming covered with cilia, while in the 
larvae of the preceding types these cells usually bear only one row 
of cilia. This extension of the corona encroaches greatly on the 
aboral and oral surfaces. The retractile disc (r) is consequently 
smaller, and the ectodermal furrow (e) is so grown over by the 
increasing coronal cells that it at last appears enclosed by the coronal 
region. In this way a more or less spherical or rounded larva is 
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produced, and in this the plane of symmetry is denoted by the 
position of the ectodermal furrow ; the larva is thus peach-shaped 

For details of the structure of the Bmjtda larva we are indebted 
chiefly to Vigelius (No. 39). Taking first the organs of the oral 
surface, the sucker originates as an ectodermal invagination. In the 
later stages the aperture of the invagination appears to close, at least 
it was no longer visible. The upper part of the wall of the sucker 
becomes invaginated into the cavity of the organ itself, thus greatly 
compressing it. The whole rudiment in tliis way becomes cuj>-shaped. 
In the anterior part of the oral surface a second ectodermal invagina- 
tion appears ; this is found later between the cells of the corona, and 
is known as the ectodermal furrow (e). The ectodermal cells of this 




Fio. 9.— A, larva of liugula plnmoea (after J. Barrois). B, median section through a Bugida 
larva (diagram constructed from flgares by Vigelius). c, cells of the corona (a single cell 
of this kind on each side) ; e, ectodermal furrow ; /, central tissue ; o, pyrifonn organ ; 
p, mantle-cavity ; r, retractile disc ; », sucker. 

region are elongated, columnar, glandular cells. In direct connection 
with this modified glandular epithelium, there is a cell-mass which 
extends towards the interior of the larva and ends posteriorly in 
three processes. This is the pyrifonn organ (o). Vigelius is inclined 
to regaixi the ectodermal furrow and the pyriform organ as a common 
glandular complex derived from the ectoderm. 

The retractile disc (?•) arises on the aboral surface as a simple 
ectodermal thickening, the cells of which lengthen greatly and 
become arranged in several layers. At the centre these elements 
seem to be wanting, while at the periphery of the organ they show 
a radial arrangement. This disc is protrusible beyond the surface of 
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the larva. Its covering of stiff setae probably serves some sensory 
purpose, perhaps transmitting tactile impressions. 

b. Metamorphosis. 

The first indication that the larva is ready to attach itself is an 
alteration in its mode of progression. The larva now constantly 
moves in circles, with its retractile disc protruded to its utmost limit. 
By a sudden contraction of the body the sucker is shot out, and the 
fixation of the larva is accomplished by means of a sticky secretion 
from its lower sur- 
face. The evagi- Jl 
nated sucker (Figs. 
10 and 11, «) in 
Bugvla shows at 
first on its under 
surface a circular 
furrow, which sepa- 
rates an outer 
broader part from 
a narrower central 
portion that pro- 
jects downwards. 
At a later stage, 
the lower side of 
the sucker flattens 
into a broad cell- 
plate {plaque ad- 
hesive, Barrois), 
from which is de- 
rived the basal sur- 
face of the endocyst 
of the primary 
zooecium. 

The whole of the 
rest of the body- 
wall of the primary 
zooecium, i.e., its 
upper part and its 
lateral walls, are 

yielded by the aboral portion which, in the larva, is comparatively 
small This takes place chiefly by an extension of those parts of 




Fig. 10.— Metamorphosis of the lan'a of LeprcUia unicornis 
(after J. Barbois). J, first stage of metamorphosis. The 
sucker (a) is evaginated, the corona (c) is b^inning to bend 
round. B, next (so-called umbrella) stage. The corona (e) is 
completely bent round, c, coronal cells ; o, pyriform organ ; 
p, mantle-cavity; r, retractile disc; », protruded sucker; 
V, vestibnlum; x, paired organ of doubtAil significance 
(according to Babbois, the mesodennal rudiment of the 
polyp'de). 
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the ectoderm which previously formed the lining of the circular 
furrow (mantle-cavity, p)y and which in the larva are distinguished 
hy the great depth of their cells (Fig. 10, A), The mantle-cavity 
(p) is in this way completely obliterated, the circular fold that 
bordered it externally, and was called the mantle, bending over 
downwards (Fig. 10, B); its inner thus becomes its outer surface, 
and gives rise to the body-wall of the primary zooecium. Tlie 
corona at the same time bends round or unfolds (Fig. 10, B). The 
lower ends of the coronal cells (c) retain their position, while the 
upper ends first shift outward (Fig. 10, A) and then downward 
(Fig. 10, B), so that each coronal cell at 
the end of this process has rotated through 
an angle at first of 90^ and finally of 180" 
(Fig. 11 c). We thus have a stage to which 
Barrois has given the name of the umhreUor 
shaped stage (Fig. 10, B), The upper 
surface is formed by the future body-wall, 
the lower by the downwardly rotated 
coronal cells. The edges of the umbrella 
become applied to the adhesive plate of 
the sucker («) and fuse with it, the body- 
wall thus completing itself (Fig. 11). 
The displaced coronal cells at the same 
time fuse with the upper surface of the 
sucker, and in this way a circular cavity 
arises (vestilndum^ Barrois, Fig. 11 v\ the 
walls of which soon become completely 
detached from the body-wall and undergo 
degeneration. This is the fate not only of the corona, but of the 
ectodermal furrow, the pyriform organ, and (where such is present) 
the larval intestine. There is then found inside the sac-like larva a 
cell-mass derived from the degeneration of the most important larval 
organs; this unites with the mass that resulted from the degeneration 
of the central tissue, and forms the so-called hroicn body. 

The rudiment of the body-wall of the primary zooecium is formed 
in the way just described. Its surface soon becomes covered with 
a chitinous secretion (often impregnated with lime salts); this is 
the ectocyst. 

During these ontogenetic processes, other changes can be seen to 
occur at the aboml pole which result in the development of the 
polypide of the primary individual. The retractile disc that lies 



Fio. 11.— Longitudinal section 
f of attached larva of Bugula. 
/I'tbdlata (after J. Barrois). 
c, coronal cells ; r, rudiment 
of the polypide (which has 
arisen by the invagination of 
the retractile organ); », lower 
thickened snr&ce of the 
evaginated sucker (adhesive 
plate) ; u, vestibuluin. 
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here has changed into a plate fonucd of deep cells which hecomes 
invaginated (Figs. 11, ?• and 12 -4, a). The sac which thus arises 
soon becomes completely cut off from the body-wall (Fig. 12 B), 
and represents the rudiment of the ectodermal and also of the 
entodermal parts of the polypide. A second cell-layer (h) appears 
on the outer side of this sac, this being the mesodermal layer 
of the polypide. Various conjectures have been made as to the 
origin of this layer. According to Barrois (Xos. 7 and 9), there 
are, in Lepralia^ two ectodermal thickenings at the sides of the 
anterior ectodermal furrow (Fig. 10, x)] when the corona bends 
over, these reach the interior of the primary zooecium, and they 
alone are unaffected by the subsequent degeneration of the larval 





Pio. 12.— Two ontogenetic stages of the primary zooecium of Bug^da calathua (after Vigelius). 
Af invagination of the retractile disc to fonn the rudiment of the polypide (a); 6, cells of 
the external layer of the polypide ; e, epithelium of ectocyst. B, a somewhat older stage. 
The invagination forming the rudiment of the polypide has closed. In A the degenerating 
s derived fh>m the lar\'al organs is omitted. 



organs, and remain to form the mesodermal layer of the polypide. 
These statements have not been confirmed by later researches. Far 
more probable is the conjecture of Ostroumoff (Nos. 25 and 26) and 
ViGELiiJS (No. 40), which has recently been confirmed by Prouho 
(No. 28), that this cell-layer is derived from the mesodermal larval 
tissue (central tissue). Of the remainder of this tissue, part seems to 
yield the somatic mesodermal layer (the so-called parenchymatous 
tissue), while another part joins with the granular masses which have 
arisen through degeneration in the formation of the so-called brown 
body. This body becomes connected with the stomach of the newly- 
formed polypide and is finally absorbed. These processes will be 
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more fully discussed in a sijecial section on the further development 
of the rudiment of the polypide (pp. 43, 44, and 55). 

In considering the metamorphosis of the Bugula larva, which 
is identical with that of the types hitherto described, we are at 
once struck by the fact that the larval intestine degenerates in all 
cases, and that the intestine of the primary individual is formed 
anew from an independent rudiment on the abat^cU surface. This 
fact, however, is explained by the capacity possessed by the Bryozoa 
in cei'tain cases of degenemting and again regenerating the alimentary 
canal or even the whole polypide (see p. 55). We are therefore not 
obliged to regard the polypide of the primary individual as a second 
generation of the Bryozoan colony, derived by budding from the 
lajva. The production of the primary individual from the lan^a 
rather comes under the category of metamorphosis, although this 
latter becomes very complicated in consequence of the far-reaching 
degeneration of the larval organs, and on account of the incon- 
spicuous form assumed by the rudiments of the future parts of 
the permanent body in the larva, these rudiments being somewhat 
comparable to the imaginal discs of the Insecta. 

With regard to these rudiments, that of the polypide is repre- 
sented in the larva by the retractile disc. The rudiment of the 
endocyst of the primary zooecium lies partly in the mantle-cavity 
and partly in the sucker-invagination. The body-wall of the primary 
individual is thus present in the larva in an invaginated condition, 
so as to afford the corona, as the locomotory organ of the larva, more 
room for development. 

While most of the parts of the primary zooecium are thus waiting in the larva 
in an invaginated and apparently functionless condition, it is a striking fact 
that the retractile disc, wliich has hitherto been regarded as the rudiment of 
tlie polypide, seems to be of functional importance to the larva (sensory 
organ ?). On tliis account, the observation of Prouho recorded abovi^ 
(p. 24) seems significant, according to which tlie retractile disc does not pas,s 
directly over into the rudiment of the polypide, but after its invagination 
undergoes a degeneration similar to that of the other larval organs, while, at 
the place formerly occupied by it, a new two-layered rudiment develops, viz., 
that of the polypide. 

The bending over of the corona and the formation of the vestibule, in tlie 
wall of which are included the coronal cells, tlie pyriform organ, and a part 
of the sucker, there to undergo degeneration, will ap))ear less remarkable if we 
consider how often larval parts which have become useless, instead of being 
thrown out, sink into the interior of the individual undergoing metamorphosis, 
there, after degenerating, to be utilised as food-material. Under this aspect, 
these processes appear comparable to the retrogression of the embryonic mem- 
branes and the formation of the so-called dorsal organ in Insect embryos. 
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4. Tsrpe of the Vesicularian Larva. 

In the larvae of this type an excessive lengthening of the coronal 
cells is found (Fig. 13). The whole larva in this way Ijecomes greatly 
elongated; the aboral and oral areas 
are exceedingly circumscribed, and 
the ectodermal furrow (er), as in the 
previous types, is covered by the cells 
of the corona. Another characteristic 
of these larvae which was observed 
by Barrois in Serialana lendigera 
(No. 9) and by Ostroumoff in Vesi- 
cvlaria (No. 26) is the small size of 
the retractile disc {rs) and the un- 
usual depth of the mantle-cavity {m) ; 
posteriorly, i.e., opposite to the ecto- 
dermal furrow, it is so deep as to 
extend beyond the middle of the 
body. Observers are not quite unani- 
mous as to the sucker. According to 
Barrois, only a functionless vestige 
of this organ («) is retained ; Ostrou- 
moff, on the other hand, found a 
well-developed though not very large 
sucker. 




Fio. 18.— Larva of Serialana lendigera 
(after Barrois). rs, retnu:t{Ic disc ; 
8, vestige of sucker ; ec, anterior ecto- 
dermal furrow ; m, mantle-cavity. 



In the same way, autliorities differ as to the metamorphosis of the sucker, 
though in other respects metamorphosis here takes a similar course to that 
described for Bugula. Ostroumoff maintains that in this type also meta- 
morphoeis commences with the evagination of the sucker, while Bakkois holds 
that fixation takes place by means of two lobes lliat grow out from the lower 
end of the ectodermal furrow and which belong to the corona. For details of the 
remarkable manner in which the corona is reveraod, its long cells being rotated 
and bent round, we refer the reader to Barrois (Nos. 8 and 9). The polypide 
is here said to arise not by invagination, but through the separation from the 
retractile disc of a cell-plate which becomes invaginated later (Ostroumoff). 

5. Type of the Oyclostomatons Larva. 

The metamorphosis of the marine Cyclostomatous Brj^ozoa has 
been investigated chiefly by Metschnikoff (No. 21), Barrois (Nos. 
6 and 9), and Ostroumoff (No 25). The larvae of this type 
(Fig. 14, A) are distinguished by the presence of a large sucker- 
invagination («), and by the vestigial condition of the retractile disc 
{r)y which is found as an inconspicuous cell-mass at the base of the 
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large mantle- cavity (p), A further peculiarity is exhibited by the 
corona, which here does not consist of long cells extending from 
the oral to the aboral area, but is composed of numerous small 
elements. The ectodermal furrow is hardly perceptible, but Barrois 
(No. 9) was able to identify it. 

This larva, in its metamorphosis, follows the usual course. Here 
also (Fig. 14, B) the first act of metamorphosis is the evagination of 
the sucker and its transformation into the basal plate (a) of the 
primary zooecium ; the bending over of the mantle then takes place, 
and the fusion of its periphery with the edges of the basal plate, by 
means of which the annular vestibular space (v) is closed in. While 




-/ ,_. 




Flo. 14.— Longitudinal sections of two ontogenetic stages of a Cyclostomatous Bryozoon (after 
Ostroumoff). Ay longitudinal section through the larva of Frondipora. B, metamorphosis 
of TtibuUpura serpens, a, adhesive plate ; /, central tissue ; ;>, mantle-cavity ; r, vestige of 
the retractile disc ; $, sucker ; v, vestibulum ; x. cell-p'ate (rudiment of the polyplde derired 
fh)m the retractile disc). 

subsequently this whole structure degenerates, the polypide forms, 
not by invagination, but by the separation of a cell-plate (r, 
Ostroumoff). This plate sinks in and becomes covered with 
mesoderm derived from the central tissue. Ostroumoff's observation 
of the appearance of a cavity lined with endothelium in the neigh- 
bourhood of the developing nutritive tul)e is worthy of mention. 
In this cavity, which degenerates later, we have perhaps a homologue 
of the lx)dy-cavity of the fresh-water Bryozoa. 

6. Type of the Phylactolaematous Larva. 

The embryonic development and the metamorphosis of the Phylac- 
tolaemata has been investigated by Metschnikoff (No. 20), Nitsche 
(No. 52), Reinhard (Nos. 54-56), Ostroumoff (No. 53), Korotnkff 
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(No. 48), and Jijllien (No. 47a), and more recently by Davenport 
(No. 46a), Kraepelin (No. 50), and Braem (No. 45a).* 

The ovary (Fig. 15 ov) is an aciniform growth of the inner meso- 
dermal layer of the body-wall, lying on the oral side of the polypide, 
immediately below the so-called duplicating bands (posterior parieto- 
vaginal muscles of Allman) and above the last daughter-bud. 
Single mesodermal cells increase in size, and become changed into 
young egg-cells, while other mesodenn-cells become grouped round 
them as the follicular epithelium. One embryo only develops u\ 
each individual (Reinhard, Kraepelin). Fertilisation and the 
commencement of cleavage take place within the egg follicle. Later, 
liowever, the young embryo passes into a peculiar brood-sac {ooecium^ 
Fig. 15 a*, 16 o), which functions as a uterus, and in which the 
further embryonic development takes place. The ooecium, when it first 
appears (Fig. 15 x), closely resembles a young 
polyp-bud, being a pocket-like invagination of 
the bilaminar body-wall. The outer or meso- 
dermal layer of this bilaminar invagination 
is destined to envelop the embryo, while the 
inner ectodermal layer undergoes degeneration 
in the course of further development. It 
was formerly somewhat doubtful whether 
the ooecium was altogether distinct from the 
primary egg-follicle. According to Reinhard, 
it was derived directly from the epithelium 
of the ovary. Whereas, according to 
Mbtschnikoff, the ^g'g passed out of the 
original follicle into the body- cavity, where 
the ooecium grew round it secondarily, 
according to Kraepelin and Braem, the 
rudiment of the ooecium presses closely on 
the egg while still in the ovary, and receives it from the egg-follicle. 

According to the statements of most authors, cleavage is quite 
regular. Kraepelin, however, thought that he found certain 
differences in the blastomeres in the first stages. A cleavage-cavity 
early appears within the embryo, and a coeloblastula (Fig. 16, J, e) 
develops, which, by a solid ingrowth of cells at one pole (Fig. 16, i?), 
passes into the gastrula stage. The point of ingrowth, according to 




Fio. 15.— Section through a 
portion of the zooecial wall 
of Plumat€lla/ungo$a (after 
Braem). ec, ectoderm ; m, 
mesoderm; ow, ovary; a:, 
rudiment of the ooecium. 



• [The form in which the development of the larva and of the polypide has 
been best worked out is PlumcUeUa {Alcyonella) fungosa (-=P. polymorpJut, 
Kraepelin). —Ed. ] 
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the statements of Davenport, Brabm, and Kraepblin, invariably 
corresponds to that pole of the embrj^o which is turned towards 
the wall of the zooecium. At the same point, at a later time, the 
first rudiment of the polypide is said to develop, so that we have 
here an important contrast to the Gymnolaemata, in which, so far 

as we know, the primary 
rudiment of the polypide 
always develops at the 
aboral pole of the larva. 

While the ingrowing 
cell-mass more and more 
fills the blastocoele, a 
new cavity develops with- 
in the former; analogy 
with other animals might 
incline us to consider this 
cavity as the primary' 
enteric cavity, but we are 
led by the study of the 
further course of develop- 
ment to regard it as the 
body-cavity. The ingrow- 
ing cell-mass represents the 
mesoderm, and the cavity 
that develops within it 
the coelom. We thus 
find here a gastrulation 
in which the entoderm 
proper is apparently want- 
ing. As the coelom ic cavity increases iii size, the mesodermal 
epithelial layer becomes closely pressed against the ectoderm, and 
in this way a bilaminar, vesicular embryo develops (Fig. 16, C). 




— £ 




Fio. 16.— Three stages in the embryonic development 
of Plumatella (after Kraepelin). >f, blastula stage 
in the ooecium. B, stage of ingrowth of the meso- 
derm. C, bilaminar stage, e, embryo in the blastula 
stage ; ec, invaginated ectodermal part of the ooeciam 
((/. Fig. 16) ; 0, ooecium. 



We shall only be able to interpret this stage correctly if we compare it with 
the stage that follows the gastrula in most marine Ectoprocta (Fig. 6, G^p), 
The primary entoderm there yields the so-called central tissue which repi-eaents 
the enteric rudiment of the larva, out of which, however, important mesodermal 
organs of the primary zooecium are also derived. In the embryo of the 
Phylactolaemata this tissue is represented by the inner epithelial layer. We 
must here assume that the larval intestine has undergone excessive reduction, 
so that not a vestige of it can be seen, and, taking into consideration the further 
development, we must regard this inner layer as mesoderm, and the central 
cavity enclosed by it as the coelom. 
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We shall have to call the external cell-layer of the embryo the ectoderm, but 
it must not be forgotten that this layer contains indifferent embryonic material 
from which will be produced the future rudiment of the polypide, including the 
ontodermal organs. 

The next ontogenetic phenomenon is the development of the 
rudiment of the first polypide. The larvae of some fresh -water 
Bryozoa (Plumatella) at the free - swinmiing stage contain two 
well - developed polypides (Fig. 19 -4), one of which, however, 
always seems to develop as the older primary polypide, and the 
other as a precocious daughter bud. The larva of Plumatella 
JrvHcosOy on the contrary, contains, according to Allman, only one 
primary polypide, and in Cristatella also, the second polypide does 
not seem to 
develop so early 
as in the above- 
named form. 
The polypides 
(Fig. 17, p) arise 
as simple invagi- 
nations of the 
bilaminar wall 
of the embryo. 
Their further 
development will 
be described 
more in detail 
below (p. 37). 
The first indi- 
cations of the 
polypide - invagi- 
nation are found 
in the form of 
a simple thicken- 
ing of the body- 
wall. Daven- 
port states that, 

in Plumatella^ the rudiment of the second polypide appears from 
the first independent of the primary polypide. 

The conditions in Cristatella are, according to Davenport, somewhat 
different. We shall see below (p. 47) that in this form every new bud is 
intimately connected at its commencement with an older bud, and that the 





Fio. 17.— Two later ontogenetic stages of the embryo ot PlumateUa 
(after Kbaepelik). ec, ectoderm of the embryo ; /, inantle-fold ; 
m, mesodermal layer; o, ooecium; ;>, polypide-rudiment ; pl^ 
placenta. 
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inner budding zone of the poljpide is derived from a layer of embryonic tissue 
capable of growth, lying below the ectodermal epithelium. The ectodermal 
layer of the i)olypide -rudiment in the embryo also is overgrown by the 
surrounding ectoderm. The ectoderm at this part is therefore bilaminar. The 
inner layer represents the tissue capable of producing buds, from which the 
inner layer of the polypide- rudiment is derived. From this tissue is developed 
the inner layer of the first polypide-rudiment, and soon after, by its side, the 
invagination of the second polypide, which thus, in CriMaiella, is directly 
connected with the primary polypide. 

Wliile the polypide-rudiments are developing, we find, in Pluma- 
fetla, a zone of ectodermal cells encircling the middle of the embryo 
and fusing with the wall of the ooecium (Fig. 17, 2>Z). This is the 
girdle-shaped placenta already recognised by Korotneff, by means 
of which the embryo is suspended in the uterus-sac and nourished. 
In Cristatella this is wanting ; nourishment here takes place through 
the ectodermal cell-plug which closes the neck of the ooecium, and 
which is in close juxtaposition to the anterior pole of the embryo. 

In the later stages a cii-cular fold of the body -wall develops 
(Fig. 17 -0,/), which surrounds the anterior half of the body, and 
may be regarded as the equivalent of the mantle-fold of other 
Bryozoan larvae. An ectodeimal thickening, including the posterior 
pole (Fig. 18 ^, x)y was regarded by Ostroumofp as a vestigial 
sucker, while the anterior swollen part of the body in which the 
polypide-rudiments appear may be considered as the equivalent of 
the retractile disc. 

Although, in this way, the larvae of the Phylactolaemata may, without 
undue forcing, be compared with those of the marine forms, a diflSculty 
arises from tlie above-mentioned circumstance that the primitive gastrula- 
ingrowth here occurs at the anterior pole, which has been regarded as the 
equivalent of the retractile disc. "We are unable at present to overcome this 
obstacle in the way of comparing the larvae of the Phylactolaemata "with those 
of the Gymnolaemata. 

The embryo, after developing in the manner described above, 
becomes covered externally with cilia, and, escaping from the parent, 
swims about freely. According to Kraepelin, it emerges through 
the aperture of a degenerated polypide (usually that of the parent). 
Braem, on the contrary, holds that the cavity of the ooecium 
opens directly upon the exterior in order to allow of the passage 
of the embryo. At this stage the larva is oval (Figs. 18 ^ and 
19-4), and the whole surface of its body is ciliated. At the anterior 
pole there is an aperture leading into the large mantle-cavity, from 
the base of which the two polypide-rudiments project. 

The attachment of the larva takes place at first by means of 
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modified glandular ectodermal cells at the posterior pole (Fig. 
18-4, x) — sucker-rudiment of Ostroumoff. The projection which 
carries the polypides is evaginated from the mantle -cavity, the 
mantle-fold (/) at the same time bending back (Figs. 18 J5 and 
19 B), The posterior pole of the body now becomes detached from 
the substratum, the edges of the mantle-fold (/) approach each 
other till they fuse (Fig. 18 C), and in this way a closed sac forms 
in which is included the greater part of the external ciliated surface 
of the larva, which then undergoes degeneration. 

The essential distinction between the metamorphosis here described 
and that of the marine forms consists in the absence of the sucker. 
In consequence of this a basal adhesive plate does not develop. The 
whole wall of the young colony is derived exclusively from that part 
of the body-wall which, in the larva, lined the mantle-cavity. The 
condition of the mantle-fold consequently here resembles that in the 
marine forms. 




Pio. 18.— Three consecutive stages in the fixation of the lar\-a of PlvmcUella (after 
Y Braem). /, mantle-fold (in B and C reflected); fc, buds; p, the two tlrst 

developed polypides ; x, glandular ]>art at the posterior end of the body, by 
means of which the first attachment takes place. 

17. Development of the Polypide. 

We must now describe more in detail the development of the 
polypide, i.e., of the retractile cephalic section of the animal plus 
the intestinal canal appended to it. For our knowledge of the 
metamorphosis of the larva and the development of the polypide in 
the primary zooecium, we are indebted chiefly to the observations of 
Repiachoff (No. 29) on Tendra, of Barrois (No. 9) on Lepralia, 
and of Prouho (No. 28) on FltLstrdla, The development of this 
primary polypide takes place in exactly the same manner as that 
of the polypides in the buds, which develop later in the colony, 
or in those zooecia in which the alimentary canal and polypide, as 
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already mentioned (p. 15), have undergone degeneration, the polypide 
having therefore to be i-egenerated. In the forms mentioned above 
the regeneration of the polypide has repeatedly been investigated; 
notably by Nitsche (Nos. 23 and 52), Repiachoff (No. 30), Joliet 
(No. 17), Haddon (No. 12), Ostroumoff (No. 26), and more recently 
by Sebliger (No. 37a), Davenport (Nos. 11 and 46a), Braem (No. 
45a), Oka (No. 52a), and KLraepelin (No. 50).* The way in which 
the polypide develops in the statoblasts has been specially described 
by Braem (No. 45a) and Oka (No. 52a). 



R 





Fio. 19.— Two ontogenetic stages of PlumattUa fungom (after Nitbchb). A, an advanced 
embryo. B, larva with two ixolypides in the act of attaching itself; the mantle-fold (/) ia 
already reflected, the apertures of evagination have moved fl»r apart and the polypides are 
retracted, p, the two first formed polypides ; A-, k', buds of future polypides ; /, mantle-fold. 

We have already seen the rudiment of the polypide arising in the 
primary zooecium of Bugula (Fig. 12, J?, p. 29) in the form of a 
double-walled sac, the inner cell-layer of which is said to be derived 
through invagination from the retractile disc (see, however, the 
statements of Prouho, p. 24), while the outer layer has probably 
arisen from the cells of the central tissue. In the same way the 
first rudiment of the polypides in the buds (A:, 1c\ Fig. 19), in the 
regenerated individuals, and in the statoblasts are bilaminar sacs, 
wliich arise through invagination at one point of the bilaminar 
body-wall (endocyst). In the marine Bryozoa and in PlumatdlOf such 
an invagination has, from the first, a lumen which passes direct 
* Cf, Harmer, Quart. Joum, Micro, ScL, Vol. xxxiii., p. 123. 
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over into the lumen of the polypide-sac. In other cases, e.g,^ in 
PcUiuUcella (Davenport), we find at first a solid ingrowth within 
which a lumen forms secondarily. The bilaminar sac always remains 
connected by a longer or shorter strand with that part of the body- 
wall at which the invagination occurred. This stmnd (only a portion 
of which is represented in Fig. 20, A and B), is derived from the 
neck of the primitive polypide invagination, becomes hollow again 
at a later stage, and then represents the aperture of the tentacular 
sheath (Fig. 20, C, ts). 






Fio. 20.— Diagram illustratiog the development of the 
polypide (median sections, after figures by J. Barrois 
and NiTBCHB). A^ sac-like rudiment of the polypide. 
The separation of the mid-gut rudiment (d) Is marked 
by a constriction. B, development of the tentacje-buda 
(t) and the oesophageal invagination (oe). C, older 
ontogenetic stage in connection with the endocyst (e, e). 
a, external, i, internal layer of the polypide-rudiment ; 
d, mid-gut rudiment ; e, e, endocyst ; tii, mouth ; n, in- 
vagination for the formation of tlie ganglion; oe, 
oesophagus; r, retractor muscle; t, tentacle; te, ten- 
tacular sheath ; a (In C), anus. 

The outer layer of the polypide-sac (Fig. 20, A, a) is continuous 
with the mesodermal layer of the body-wall (endocyst), and yields 
the mesodermal part of the polypide (the lining of the body-cavity, 
and the larger groups of muscles, &c.). The inner layer (Fig. 20, -4, i) 
is derived from the primitive ectoderm, and yields the ectodermal 
epithelium of the whole polypide and of the tentacle sheath, the 
nervous system, and the lining epithelium of the whole of the 
digestive tract. We should"^be justified in calling this layer the ecto- 
derm of the polypide, did not the mid-gut epithelium also originate 
from it.* 

• [Braem, in a recent work on the development of Plutnatella (Bibl, ZboL, 
H. 23, 1897), states that entodermal tissue can oe made out in the embryo. — En.] 
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According to the more recent researches of Seeligbr, Davenport, Kbaepsux, 
Braem, and Oka on the development of the buds, there can be no doubt that 
the inner layer of the bilaminar sac is to be derired by invagination from the 
ectodermal layer of the parent, the outer layer, on the contrary, owing its origin 
to the mesoderm of the latter. Some of the earlier observers had derived the 
whole bud from the ectoderm of the parent (Nitschb, Ehlers, and Clapar^de), 
while H ADDON held that all tlie three germ-layers of the parent take part in the 
formation of the bud. According to Joliet (No. 17), on the contrary, the first 
rudiment of the polypide in JSucratea is derived exclusively from the funicular 
tissue (endosarc), i.e., from a layer which we regard as belonging to the 
mesoderm. The first rudiment of the polypide is said here to consist of a mass of 
similar cells, which become arranged only secondarily into two layers, the inner 
cells acquiring an epithelial character and surrounding a central cavity, while 
the superficial cells yield the outer layer. 

The first change which can be remarked in the bilaminar polypide- 
sac consists in the formation of a diverticulum (Fig. 20 A, d; 
23 B, d)t which represents the first rudiment of the enteric canal, 
especially that of the stomach and hind-gut. The origin of this 
diverticulum can be traced to a constriction or- infolding of the 
wall of the primitive sac taking place from each side. In conse- 
quence of this, the lumen of the enteric rudiment at first remains 
connected along its whole length through a narrow slit with the 
lumen of the rest of the sac. As the intestine becomes more 
differentiated this slit becomes narrower, but never completely 
closed, for it persists as the anal aperture (Fig. 20 C, a). In the 
following stages a second diverticulum develops at the opposite 
(oral) side of the polypide-sac (Fig. 20 -B, oe); this diverticulum, 
which represents the rudiment of the oesophagus, grows out towards 
the blind end of the first diverticulum and fuses with it (Fig. 
20 Cf), After communication has been established at the point 
where the two diverticula come into contact, the intestinal canal 
is essentially complete, the so-called stomach-caecum developing at 
a later period. 

The description here given of the development of the enteric canal is founded 
upon the statements of Barkois (No. 9), Prouho (No. 28), Braem (No. 45a), 
Davenport (Nos. 11 and 46a), and Kraepelin (No. 50). A modification of 
this process was described by Nitsche (No. 23) in PluinaUlla and Flustra 
inembranacea^ and more recently by Ostroumoff (No. 26), the formation of the 
intestine taking place through two ingrowths which extend into the interior of 
the sac-like |X)lypide-rudiment, from right and left, meeting and fusing in the 
median plane. The apertures left in front of. and behind this fusion become 
the oral and anal apertures. "This process resembles what takes place if we 
hold an indiarubber ball with a double wall in our two hands and press it on 
each side with a finger until the finger-tips are separated only by the four-fold 
wall of the ball." The oesophagus in this case would not have an independent 
origin. Sesliger observed a similar origin for the alimentary canal in the buds 
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of Buffula, It should here be pointed out that the two different types of 
deyelopment of the intestine arQ not fundamentally opposed to one another ; in 
both cases a constriction pressing in from each side brings about the separation 
of the enteric canal from the atrium. Whether the rudiment of the oesophagus 
is completed at the same time is of comparatively little importance, and we 
may well imagine, even in nearly related forms, that in some cases the first and, 
in others, the second type of bud- development may be found. 

In Pedinella, on the contrary (Oka, No. 62a), in the statoblasts as well as in 
the buds, the diverticulum that forms firdt is said to represent the common 
rudiment of the oesophagus and the stomach, so that here the oral aperture 
seems to form first. The intestine is said here to grow out as a caecum from the 
stomach and to open towards the atrium (the upper cavity), the anal aperture 
seeming to form in this way. 

The ganglion can be traced back to an invagination which forms at 
the base of the upper cavity or atrium between the oral and the anal 
apertures (Fig. 20 (7, n). The lumen of this invagination gives rise 
to the future brain-cavity. After the rudiment of the ganglion has 
been completely cut off from the surface layer, an ear-shaped diverti- 
culum forms on each side of it (Braem) ; these diverticula represent 
the rudiments of the lophophoral nerves. Each grows out as two 
nerves, one of which runs posteriorly into the corresponding arm of 
the lophophore, while the other runs forward and spreads out upon 
the oesophagus. 

The j)ortion of the primary sac which remains after the intestine 
has been separated from it is known as the atrium (Fig. 23 B, at) or 
the cavity of the tentacular sheath. The greater part of its wall 
becomes modified into the tentacular sheath. The rudiments of the 
lophophore and of the tentacles (Fig. 23 B, at) develop early in 
the base of this cavity. The first rudiment of the lophophm^e takes 
the form of a swelling projecting into the atrium, and forming a 
semicircular border to the oral aperture. In the Gymnolaemata, this 
swelling closes in front of the anal aperture to form a ring, encircling 
the mouth, which carries the tentacles. Corresponding to the 
inwardly projecting swelling of the lophophore, there is, on the 
outer side of the polypide-sac, a groove which soon changes into 
a closed canal. This is the so-called circular canal, which must be 
regarded as part of the body-cavity. The tentacles arise as out- 
growths of the lophophore resembhng the fingers of a glove. In 
the Gymnolaemata they are situated in a row on either side of the 
body (Davenport, Prouho). Only later do these two rows become 
connected through the development of the tentacle-buds in front of 
the mouth, wldle the last tentacles to arise close the ring on the anal 
side. 
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In the Phylactolaemata the posterior ends of the semicircular 
rudiment of the lophoi)hore grow out as lai-ge finger-like structures 
(Fig. 23, (7, Z), projecting into the atrium. These are the rudiments 
of the two arms of the lophophore. The cavities within these 
processes (lophophore-cavities) are to be regarded a9 a part of the 
body-cavity. They communicate with one another through the 
semicircular canal that encircles the oesophagus. On the anal side, 
according to Braem, they are connected by the so-called forlced 
canal, so that here also the system of lophophore-cavities forms a 
ring surrounding the oesophagus. Another significance has been 
attributed to this forked canal by CoRi (p. 56). In the Phylacto- 
laemata the outer tentacles make their appearance before those on 
the inner side of the lophophore. The former appear first in the 
neighbourhood of the mouth and gradually fresh tentacles are added, 
each new one being nearer the free end of the lophophore, those at 
the apex forming last. The tentacles of the inner row develop in 
the reverse order, i.e., those nearest the apex arise firsts whilst 
those near the epistome and above the forked canal are the last to 
appear. 

The epistome arises as a projecting fold on the anal side of the 
oral aperture, and into it is continued an outgrowth of the body- 
cavity— the epistomal cavity. It should be mentioned that several 
authors (Skeligbr and othei-s) maintain that a rudimentary epistome 
is to be found in the Gymnolaemata, 

The outer or mesodermal layer of the polypide-rudiment gives rise 
to the following parts : the peritoneal covering of the enteric canal, 
the muscle-layer of the intestine, and some of the body-muscles, 
especially the retractors. The development of the latter has been 
studied chiefly by Braem and Davenport. Groups of mesoderm- 
cells become detached at the neck of the bud, and become inserted 
at one end upon the polypide and at the other on the zooecial 
wall. These rudiments of the retractor muscles are originally 
inserted at a point on the zooecial wall quite near the neck of 
the bud, and only at a later stage, as the wall develops, do the 
points of insertion shift further from the aperture of the polypide- 
rudiment. 

In the Phylactolaemata, the outer mesoderm-layer of the polypide- 
bud also takes an important part in the development of the fimiculus, 
which will be dealt with later (p. 50). The nephridia of the Phylac- 
tolaemata also, the existence of which has been maintained by 
Verworn and CoRi, and recently confirmed by Blochmann, although 
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denied by Braem and Kraepblin, are probably to be traced back 
to this layer.* 

It is thus evident that the inner layer of the bilaminar polypide- 
rudiment yields the ectodermal epithelial layer of the polypide, and 
also the epithelial lining of the enteric canal and those parts which 
we have been accustomed to attribute to the entoderm. From the 
outer layer of the polypide-rudiment are derived the mesodermal 
structures (the splanchnic layer of the mesoderm, the retractor- 
muscles, the lining of the tentacle-cavities, etc.). 

When the rudiments of the organs described above have fully 
developed, the atrial cavity of the polypide-rudiment becomes 
connected with the exterior, and through the aperture so formed 
the anterior portion of the polypide with its crown of tentacles, 
the introvert, can be protruded and extended. 

It must strike the reader as very remarkable that, according to the above 
statements, the whole lining epithelium of the alimentary canal (both the part 
usually derived from the ectoderm and the entodemial fwirt) is derived from 
one and the same nidiment, the inner layer of the sac-like polypide-rudiment. 
In the primary zooccium of Bug^ida it was possible to trace this layer back 
to an invagination of the ectodenn of the larva ; and in the same way, in the 
polypide-rudiment of the buds and of the regenerating individuals it may be 
traced back to the ectoderm of the zooecia. If these observations are correct, 
we should be forced to assume that the whole enteric canal here originates from 
the ectodenn. 

Several attempts have in consequence been made to find some other origin for 
the middle (entodermal) pai't of the alimentary canal. A suggestion of a distinct 
origin for the enteron is yielded by the constant connection discovered by 
Rkpiachoff (No. 30), at later stages, between the enteric rudiment of the 
polypide and the so-called hrown, body. In the primary zooecium, the brown 
body contains the mass which has arisen by the degeneration of the larval 
organs and of the central tissue, while the brown bodies fouud in the degen- 
erated zooecia of the adult colony enclosed in cellular envelopes of their own 
must be regarded as remains of the degenerated parent-polypide. The rudiment 
of the intestine, which in the bud of the newly- forming polypide is originally 
connected with the brown body through strands of funicular tissue, at a later 
stage comes into contact with it, and is said finally to grow round it and to 
receive it into the interior of the enteric cavity. The last remains of the brown 
body are then said to be expelled through the anal aperture of the newly- 
formed polypide. During this circumcrescence, according to Ostroumofp 
(No. 26), the epithelial layer of the stomach -caecum is yielded by the cells 

* [Oka, Jour, Sci. Coll, Japan, Vol. viii., p. 339, states that the Ecto- 
proctous Polyzoa have no nephridia. He does not regard the ciliated portions 
of the coelomic epithelium, which apparently open by a pore under the median 
tentacle, as nephridia. He states that the excretory function is carried on by 
free mesodermal cells, which leave the body through the above-mentioned pore, 
their passage to the exterior being facilitated by the presence of cilia on the 
oeUs of the peritoneal epithelium adjacent to the pore. The tube-like character 
of these modified peritoneal areas is due to the presence in the Phylactolaemata 
of an epifltome-lophophoral partition. ->£d.] 
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of the brown body. A certain difficulty attends this assumption, in consequeooe 
of the development of the intestine in the young buds, in which there is no 
brown body. Ostroumoff, however, tries to escape these difficulties by 
pointing out the relations established by the funicular tissue between the 
parent-zooecium and the bud, as well as by assuming that in this way ento- 
dermal cell-masses pass from the parent into the bud. In this res^iect the 
views of OsTttOTJMOFF have something in common with those of Haddon, 
who held that all the three germ-layers of the jjarent-zooecium took part in 
the formation of the bud. According to Jolikt (No. 17), the alimentary canal 
of the developing polypide does not originate from the inner layer of the 
bilaminar sac-like polypide-rudiment, but from a distinct cell-mass derived from 
the outer layer of that rudiment. The inner layer of the polypide-rudiment 
would then yield only the ectodermal parts of the polypide, while the outer layer 
would contain the mesodermal and entodermal parts. In any case, according 
to JoLiET, the enteric canal (mid-gut) has an oiigin distinct from that of tlie 
ectodermal rudiment. The most recent researches, however, confiim the view 
that the whole intestine of the polypide originates from the inner layer of the 
double- walled sac, i.e,, from the ectoderm, but Prouho differs to some extent 
from the description given above and founded on the statements of more recent 
authors, for he regards a small mass of irregularly-arranged cells, lying at the 
end of the diverticulum d in Fig. 20, as the rudiment of the mid-gut, while the 
hind-gut arises exclusively from the diverticulum itself. According to Proitho, 
indeed, this cell-mass is to be derived from this same diverticulum ; but it 
cannot be denied that this statement is likely to strengthen the doubt that has 
long been felt as to the common origin of the fore-, mid-, and hind-guts. 

V. Asexual Beproduction of the Ectoprocta. 
A. Budding. 

In the Bryozoa, the colonies are produced by the continuous 

budding of the primary individual. The nature of this budding 

has been carefully studied by Nitschb (Nos, 23 and 52), and more 

recently by Brabm (No. 45a) and Davenport (Nos. 11 and 46a).* 

Two kinds of buds may usually be distinguished, according to 

the direction of their growth: — (1) those that continue to grow in 

the same direction as the parent-zooecium, such buds serving for the 

direct prolongation of the branch or bmnchlet to which the parent- 

zooid belongs; and (2) those that, in growing out from the 

parent-zooecium, take a new direction and thus give rise to new 

branches. In many cases the new branches grow out laterally. 

The buds of the second kind are then lateral buds, while the median 

huds provide for the continuation of the branches, such individuals 

usually continuing in the same axial direction as the parent It 

should, however, be mentioned, that in many cases median buds 

may also give rise to new branches, since, while retaining the same 

plane as the mother, they may take a new direction. 

* [For the development of the colony in the Gymnolaemata, see important 
papers by Harmer on Lichenopora, Orina^ and TuhuHpora, Quart, Joum. 
Micro, ISci.t Vols, xxix., xxxii., and xli, — Ed.] 
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The development of the buds and the branching of the stock thereby 
determined takes place in the different forms of Bryozoa according to definite 
laws which were long since reduced to certain written formulae. For the laws 
of growth of tlie colonics, which cannot here be entered upon in detail, we refer 
the reader chiefly to Davenport's ti-eatiae (No. 11). Braem, for PlumaUlla, 
has composed a formula which also applies to the other Phylactolaomata. 
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In this, the parent and offspring are always connected by a bracket ! j thus. 
Tills fommla will be explained by comparing it with Fig. 21. The primary 
individual A has given rise by budding 
to the individuals B, B^, B^; JB, on its 
side, has produced C and C\ and so 
on. The individuals A, B, C, D, t.«., 
tlie so-called principal buds resulting 
from the first division, serve for the 
continuation of the principal stem in a 
centrifugal direction, while the inter- 
mediate buds J?i, B*f B^j etc., become 
intercalated between the oldest bud and 
the mother A, and lead to secondary 
branching of the stem. The order of 
succession in the two cases is reversed. 
Of the principal buds, the distal indi- 
vidual which denotes the tip of the 
branch (in this case (?) is the youngest, 
while of the intermediate buds B\ B^y 
/?*, the last-formed individual (i?') lies 
nearest to the mother-individual A, 

The number of buds that each indi- 
vidual is capable of producing is often 
limited. In Cristatella, for instance, only two buds are, as a rule, produced, 
the elder being a lateral bud and the younger a median bud. In Palitdicellat 
on the contrary, each individual is able to produce a median bud and two lateral 
buds, and so on. 

The variations in the appearance of the Bryozoan stocks are caused by the 
constitution of the zooecial wall, which through stronger chitinisation or 
impregnation with lime salts may become stiffened, or, on the other hand, may 
be soft {CristaUlla) or even gelatinous {Alq/onidiunif Flustrella), and by the 
more or less close juxtaposition of the single branches. When the latter 
retain their independence, moss-like colonies with serrated branches are formed. 
When the separate branches lie so close to one another in the same plane that 
the neighbouring branches fuse together, leaf-like, fan-shaped, or encrusting 
colonies are produced, while close crowding of the branches in various planes 
leads to the development of fungoid forms (PlumaUlla fungosa). The fusion 
of tbe separate zooecia has gone furthest in Cristatella^ in which the originally 
distinct character of the branches is indicated only by the mesodermal septa 
growing in from the edge of the colony. 



Fio. 21.— A ^ branch of Plumatella frutioosa 
(after Braem). B, diagram illustrating Uie 
branching of this form. 



Digiti 



zed by Google 



46 



BRYOZOA BCTOPROCTA. 




The youngest buds lie, as a rule, at the apex of the branch. In encrusting 
colonies, the edge of the colony thus represents the budding zone, from which 
the further growth of the colony proceeds. In the same way, in CristaUlla^ 
the youngest individuals, those in the act of forming, are at the edge of tlie 
colony (Fig. 22 kz), while the oldest {dp) lie at its centre. 

Braem has pointed out an important distinction between the relations of the 
bud to the i)arent in the Phylactolaemata and in the Gymnolaemata. The 
colony in the Phylactolaemata arises in such a way that the oral side of each 
individual is directed towards the distal end of the branch to which it belongs. 
The younger individuals therefore bud out on the oral side of the older (Fig. 22). 
In the Gymnolaemata, on the contrary, the individuals are placed in the 
opposite way, each new bud arising on the anal side of the parent {cf. Fig. 24). 
A similar distinction between the two groups is found in the (losition of the 
se[>arate individuals with respect to the substratum. In the Phylactolaemata 
the individuals, in a withdrawn condition, turn the oral side to the substratum, 
while in the Gymnolaemata the anal side is thus turned. The attempts made 

by BiiAEM and Davenport to 
trace back these different relative 
positions of the bud and the 
mother in the Gymnolaemata 
and the Phylactolaemata to a 
common type do not seem to 
us altogether successful. 

Braem presupposes, in the 
Gymnolaemata, a degenerate 
primary individual which cor- 
responds to the distal end (apex) 
of the stem. Through this 
assumption he makes the prin- 
cipal buds of the Gymnolaemata agt*ee with the intermediate buds of the 
Phylactolaemata. According to Davenport, on the other hand, in both 
groups, each bud turns its anal side to the budding zone from which it has 
originated. In the Gymnolaemata, this zone lies at the apex of the stem, i.e., 
distally, but in the Phylactolaemata it lies proxinially. To us it appears that 
in this very point of the position of the budding zone there is no essential 
distinction between the Gymnolaemata and the Phylactolaemata, since, in both 
cases, the youngest buds appear distally, that is, at the edge of the colony. 
Consequently the budding zone must, in both cases, have the same position. 

It has already been pointed out by Nitschk (No. 52) that two 
distinct types of budding occur in the Ectoprocta, the Gymnolaemata 
being in this way opposed to the Phylactolaemata. In the first of 
these groups the type of budding in which the zooecium forms first 
is common. In this case the zooecium of the bud arises first as an 
outgrowth or diverticulum of the parent-zooecium (Fig. 24), and 
only after this has attained a certain size and independence does the 
first rudiment of the polypide (jp) appear in it as a bilaminar 
invagination of the zooecial wall. In the Phylactolaemata, on the 
contrary, the polypide of the bud appears first, in close proximity to 



. ^ 



Fig. 22.— Transverse section through a colony of 
Cristatella (after Braem). dp, eldest polypide of the 
colony, in the act of degenerating; Jtz, budding 
zone. 
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the parentrpolypide, as the direct descendant of the latter (Fig. 23). 
Only later does it shift further from the pai-ent-polypide, newly- 
formed parts of the zooecial wall being interposed between them. 
This latter is the type of budding in which the polypide forms first. 

The zooecium of the hud is not always a direct outgrowth of the parent- 
zooeciuni, for huddiog may be brought about by special basal extensions (stolons) 
as, for instance, in the Cyclostomatous Bryozoa (Ostroumoff, No. 25), and in 
some of the Ctenostomata (the group of the Stolonifera). 






FiQ. 23. — A and £, two oiitogenetic stages of the lateral buds of CrUta*«lla. C, development 
of the inediaD buds of the same form (after Brash), a, developing polypide ; h, the bud 
developing on it ; at, atrium ; d, rudiment of the intestine ; ec, ectodenn ; I, rudiment of the 

■ lophophore. 

It appears that in all Bryozoa budding takes place only at definite parts of 
the parent in which the original capacity for regeneration has been retained. 
In the Phylactolaemata, in which asexual reproduction according to the type in 
which the polypide precedes the zooecium is retained, the rise of a new polypide- 
rudiment is, as first shown by Hatschek, and more recently by Braem and 
Dav'KNPORT, always connected with an already developing polypide-rudiment 
(Fig. 23). While the parent- polypide, which was originally a bilaminar 
invagination of the body- wall, develops in the way described above (Fig. 23 A, a), 
there is often found at the neck of this invagination, on its oral side, an 
outgrowth \ this is the rudiment of the daughter-bud (6). As the two rudiments 
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develop further, they become more distinctly marked off from one another 
(Fig. 23 B), and finally shift quite apart, a portion of the tissue of the neck 
of the hud being used for the development of the adjacent parts of the zooecial 
wall (Braem). Nitsche had already oV>served this form of origin of one 
polypide-rudiment from another, and defined such forms as double buds. In 
PlunmUlla^ as well as in Cristatellay the first bud to develop in each polypide 
(J?, C in the diagram, Fig. 21) forms after the type of the double bud. The 
buds that develop later {B\ ^, C^, etc,, in the diagram) form after another 
type which, however, is not essentially different. The rudiment of the bud 
here arises (Fig. 23 (7, h) in the zooecial wall itself on the oral side of the parent 
)x)lypide-rudiment ; the young bud-rudiment is, however, from the first, in 
dii-ect connection with the germinating tissue of the parent-rudiment, so that 
here also we can recognise the connection of each new rudiment with an older 
one. We can see here very clearly that budding is to be traced back to a 
process of division. Each newly arising individual becomes cut off from an 
older individual already present, so that finally all the individuals of a colony 
can be derived from the first individual produced from the larva. 




--^ 



a ^ 

Fio. 24.— Budding in Palvdieella Ekrenbergii (after Davekport). Median section through the 
growing apex of a branch, a, b, region of the branch belonging to most distal of the 
polypidcs a.s yet developed ; h, c, region belonging to the polypide-bad (p) that is beginning 
to develop ; c, d, region of the growing tissue at the tip of the branch ; d, growing tissue ; 
ed, hind-gut of the polypide ; g, ganglion ; ;>, young polypide-bad. 

Authors still differ as to the development of the zooecial wall in the Phylacto- 
laemata. Braem is inclined to derive it exclusively from the germ-tissue of the 
neck of the bud, but Davenport maintains that the zooecial wall grows 
independently in CristcUcUa, at least at the marginal parts of the colony. 

Another method of budding, in which the rudiment of the polypide has 
from the first a certain independence, forms the transition to the type of 
budding in which the zooecium develops first, a type common in the Gymno- 
laemata. Fig. 24 illustrates the rise of new individuals at the apex of a 
branch of PaludicelUt (Davenport). The apex of the branch is here occupied 
by actively growing tissue (rf), which gives rise first of all to the zooecium of the 
new individual. While the wall of this new zooecium undergoes the general 
histological transformation by means of which it attains the special character of 
the adult form, the tissue, at one definite point, retains its embryonic character 
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and its capacity for regenerating, and at this point the polypide-mdiment arises 
ip). Two islands of germinating tissue which persist at the two sides of this 
mdiment represent those parts of the zooecial wall which, later, form the 
starting point of the lateral buds. 

It was pointed out by Nitschb (No. 23), and more recently by 
Pebobns (No. 27), that the oldest individuals of the Bryozoan 
colony, and above all the primary zooecium derived from the larva, 
may, in many cases, be distinguished from the other normal zooecia 
of the colony by their shape and size as well as by their method of 
budding. For example, Nitschk found that the primary zooecium in 
Flustra nwmbranacea is remarkably similar to that of Meynbranipora, 
and with respect to budding agrees with Memihranipora ^nlosa as 
described by Schneidbr (No. 5), i.e., a number of buds here appear, 
whereas the secondary zooecia of Flustra viemhranacea^ as a rule, 
produce only one bud each at the distal end. Pkrgens also found 
that the primary zooecium of Mtcropordla passed through a Mem- 
braniporan stage, while the buds produced from it grew into zooecia 
of normal shape. 

Heteromorphous development of single individuals often occurs in 
the Ectoprocta, Thus in the polymorphous stock there may be 
found, besides the usual individuals, root-processes, and specialised 
organs known as ooecia, ovlcells, avicularia^ and vihracula which are 
regarded as polypides modified in adaptation to a special function. 

B. The development of Statoblasts. 

A special kind of asexual multiplication is brought about in the 
Phylactolaeraata by the production of peculiar reproductive bodies, 
the so-called statohlasts. This form of development may be traced 
back to budding. The recent researches of Kraepblin and Braem 
prove that the statoblasts are undoubtedly encysted persistent buds, 
intended to secure the continuance and distribution of the fresh- 
water Bryozoa during the winter months. 

TTie lenticular statoblasts or winter eggs (Fig. 27-0) consist of a 
mass of cells, the germ-body, enclosed in a thick cuticular envelope 
(c), the latter is usually provided with a ring of air-cells which serve 
as a float («•). In the germ-body we can distinguish a superficial 
epithelium, discovered by Rbinhard (Fig. 27 A, ec), and a granular 
cellular mass rich in yolk (d). The structure of the germ-body can 
therefore be compared to that of the Ectoproctous embryo described 
above (p. 15), if we regard the superficial epithelium as the ectoderm 
and the granular inner mass as the equivalent of the central tissue. 

B 
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The statoblasts arise in connection with a mesodermal strand 
known as the funiculus, which runs from the end of the stomach- 
caecum to the zooecial wall (Fig. 28, /). Along this strand they 
are aiTanged in a chain, the youngest visible rudiment of a stato- 
blast appearing at the end of the funiculus nearest to the zooecial 
wall, while the most developed are found near the stomach -caecum. 

To obtain a clear view of the origin and significance of the stato- 
blasts, we must, following Brabm, examine the earliest stages in 

the development of the 
funiculus. This strand 
first arises as a fold-like 
prominence in the outer 
(mesodermal) layer on 
the oral side of the neck 
in the young polypide- 
rudiment. In the fur- 
ther course of develop- 
ment, this fold separates 
from the neck of the 
polypide-rudiment (Fig. 
25 A), so that it as- 
sumes the form of a 
short strand (/), this 
being inserted at its 
upper end into the 
zooecial wall, and at its 
lower into the polypide- 
rudiment. Through the 
further growth of tlie 
zooecial wall, the upper 
point of insertion of the 
funiculus shifts further 
and further from the 
aperture of the polypide, 
and may finally reach 
the basal surface of the 




Fio. 25.— A, young jK)lypide-bud of PlumaUUa with the 
rudiment of the funiculus (/) (after Braeii). x, inner 
(ectodermal), y. outer (mesodermal) budding layer. B, 
longitudinal section through a funiculus of CrUtaUUa 
(after Brakm). 6m, "fonnative mass"; eg, "cystigen 
part" of the 8tat<jbla8t rudiment {st) ; e, ectoderm ; ec, 
inner (ectodermal) layer of the ftmiculos; m, outer 
(mesodermal) layer of the funiculus. 



zooecium. 
The funiculus, in its origin, is, as we have seen, purely meso- 
dermal. Very soon, however, a conical mass of ectoderm-cells, 
capable of further growth by division (Fig. 25 -0, ec), grows out 
from the zooecial wall into the funiculus, which in this way becomes 
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bilaminar, consisting of an inner core of ectoderm and an outer layer 
of mesodenn. At the lower end of this cone the first statoblast- 
nidiments form, a group of ectoderm-cells {eg) becoming detached 
from the central core and arranged round a small cavity, thus 
forming a vesicle. This part of the statoblast-rudiment has been 
named by Nitschb the "cystigen half/' as from it are formed the 
cysts of the statoblasts. A second part of the rudiment, the so- 
called "formative mass" {bin\ arises from the outer mesodermal 
layer of the funiculus. It represents the rudiment of the inner 
mesodermal mass which, filled with particles of food-yolk, is found 
in the statoblasts, while the "cystigen half" yields not only the 
cell-layer which secretes the cyst but, as Reinhard has proved, the 
ectodermal layer of the statoblast-germ (Fig. 26 -4, a and b), 

Acoordiug to Davenport (No. 46a) tlie funiculus is to be traced back not so 
much to a fold as to an active independent wandering of its component 
mesoderm-cells. Kraepelin (No. 50) has stated that the inner layer of the 
funiculus does not grow in from the zooecial wall, but from the internal lining 
of the stomach-caecum at the opposite end of the strand. If we follow the 
statements by Braem given above, the essential agreement between the rudi- 
ment of the funiculus and that of a polypide-biid is very clear, so that we are 
Justified in regarding the statoblasts as internal buds. A view formerly held 
by Verworn (No. 57) derived the cystigen half and the formative mass from a 
Mngle cell, which underwent a process of cleavage. A^erworn was therefore 
inclined to regard the statoblasts as parthenogenetic winter eggs. 

As the statoblasts develop further, the complete circumcrescence of 
the " formative mass " (Fig. 26, h) by the vesicular " cystigen half " 
(a) takes place. The point last affected by this circumcrescence (p), 
^vhere for some time an aperture can be seen, corresponds to the 
middle point of the lower surface of the lens-shaped statoblast, 
which is usually somewhat more convex than the other. The 
** formative mass" is in this way enveloped by two layers of the 
"cystigen half" (a! and a"). The inner layer {a") corresponds to 
the ectofierm of the statoblast, while the outer layer (a') is concerned 
in the formation of the shell (c). The cells of this outer layer first 
secrete on their inner ends, i.e., on the side next to the ectoderm 
of the statoblast, a cuticular cyst (c) which surrounds the statoblast. 
In the substance of this cyst, a slit or line of demarcation soon 
appears, corresponding to the equator of the cyst; this indicates 
the division of the cyst into the two watch-glass-like halves which 
^parate later to allow of the escape of the young colony. After 
this chitinous envelope has been secreted, the marginal cells of the 
secreting layer elongate and form a fold round the statoblast. These 
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cells now form the annular float, the whole surface of each of 
them becoming cuticularised. The protoplasmic body remaining 
within the cuticular cells then completely disappears. When the 
annular float is completed, it is grown over from above and below 
by the margins of the central caps of the chitinous secreting layer, 
which then seci'etes an external enveloping chitinous layer (Fig. 27, 
vd and od). 

Id Cristatella, the equator of the developing statoblasts is at right angles to 
the longitudinal axis of the funiculus. In Plumatella^ on the contrary, it lies 
parallel to that structure. The elongated form of the statoblasts of PlumaUUa 
is explained in this way. The most complicated conditions are found in the 
annular float of Cristatella, For an account of these \re must refer the reader 
to Verworn and Braem. 




Fio. 26.— Three ontogenetic stages of the statoblasts of CHstatella (after Vkrworn). a, cysti- 
gen half; a', external layer; a", inner layer of the cystigen half; b, formative mass; 
c, cuticDlar envelope ; p, point where during circuracrescence a pore forms ; /, ftmiculos. 

The germ- body proper consists of the ectodermal layer (Fig. 
26 (7, a") and of the formative mass (Ij) which this surrounds. In 
proportion as the cells of the latter become filled with food-yolk 
the boundaries l^etween them disappear. But not all the cells of 
the formative mass undergo this transformation. Some of them 
which are in close contact with the ectodermal layer remain 
unchanged. It appears that these cells, which Braem found to be 
specially plentiful in Cristatella^ where they often form a continuous 
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layer under the ectoderm, are of importance in the development of 
the mesoderm-layer (Fig. 27 Ay m) of the young colony. 

The completely formed statoblasts which, after the disintegra- 
tion of the parent colony, become free, are not at once capable of 
regeneration. The capacity for further development, as a rule, 
appears only after they have been frozen, or after a long period 
of rest when air has been excluded (Braem). A higher temperature 
or contact with air stimulates the statoblasts, which are then capable 
of germinating, to further development. 

A transformation of the cells of the inner yolk-mass first takes 
place. Those of 

the superficial / /* 

layer assume the 
appearance of 
ordinary embry- 
onic cells and 
become applied 
to the ectoderm 
(Fig. 27, e<;), thus 
thickening the 
layer of meso- 
dermal elements 
(m) mentioned 
above as lying 
below the ecto- 
derm. This me- 
sodermal layer 
consequently 
soon becomes a 
continuous epi- 
thelium. The 
first rudiment 
of the primary 
polypide consists 
of a rounded ec- 
todermal thick- 
ening (germ-disc. 
Fig. 27 A, p) 
which develops 

in the middle of that side of the statoblast which, when floating, is 
turned downwards, i.e., at the point at which the circumcrescence 




Fio. 27.— Two ontogenetic stages of the germinating statoblasts of 
CtisiateUa miuwlo (after BrabmX A, on the lower side of the 
statoblast (that turned upwards in the figure) the polyplde> 
rudiment (p) can be seen in the form of a germ-disc. B, the 
polypide-rudimeiit in a more developed condition, a, anus ; an, 
intestinal rudiment : c, cuticular shell (disc) ; d, yolk substance 
with nuclei ; ec, ectoderm ; Jt«, budding zone of the ftiture 
polypide; m, mesoderm-layer; n, ganglionic invagination; o, 
rudiment of the oesophagus ; p, germ-disc ; od, upper spines ; 
»r, float ; ud, lower spine. 
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of the formative by the cystigen half was concluded (Fig. 26 C, p). 
The genn-disc, in which must also be included the adjacent lower 
mesodermal layer, now becomes invaginated into the yolk -mass. 
The closing of the aperture of this invagination gives the polypide- 
rudiment the form of a bilaminar sac, which develops further 
according to the type described above (p. 37 and Fig. 27 B), The 
only difference in this case is that the body-cavity and all its 
derivatives (the lophophore- cavity, the circular canal, etc.) are 
originally completely filled with food -yolk (d), which disappears 
only gradually through the absorption that takes place during 
further development. 

The rudiments of the future buds are early to be recognised as 
epithelial thickenings (Fig. 27 B, ks) at the margin of the stato- 
blast (corresponding to the oral side of the primary polypide), from 
which, by invagination, the second and then the third polypide- 
rudiments are formed. These, from the time of their first develop- 
ment, are thus independent of the germ-disc. In a similar way, 
according to Davenport, in the embryos of Pluinatella^ the rudiment 
of the second polypide appears independently of the first. All the 
buds that develop later, on the contrary, arise in connection with 
an older polypide-rudiment, as was described above, for the type 
of budding in which the polypide develops firet. 

0. Winter Buds (Hibemacula). 

In the fresh -water Gynmolaemata, Vid&rella and PcUudicella, 
statoblasts do not develop. In PcUtulicella, isolated individuals 
(zooecia with rudimentary polypides) persist in an encysted con- 
dition. These individuals, which are enclosed in strong, highly 
calcified, chitinous envelopes (ectocysts), are known as winter buds 
(hibernactUa, Van Benbden). In the spring the envelope bursts, 
and there emerges fi*om it an individual covered with a delicate 
chitinous cuticle, which by budding gives rise to a new colony; 
the budding may occur while still in the hibernaculum. The winter 
buds here represent merely the resting condition of the adult form. 
Their development in the spring is essentially reducible to a process 
of ecdysis. 

In a similar way, in Victorella^ short stolons with closely crowded 
knob-like rudiments of individuals persist through the winter, and 
give rise in the spring to the first cylindrical cells of new colonies 
(Kraepelin). 
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VL Begeneration. 

It has long been known that, in the marine Gymnolaemata, 
the polypides in the older individuals of a colony are constantly 
regenerated, the zooecium remaining unaffected by the processes of 
degeneration. The remains of the degenerated polypide are found 
as the so-called brown body suspended by strands of the funicular 
tissue in the body-cavity. The regeneration of the polypide takes 
place from the zooecial wall and, in the Chilostomata, in most cases 
(according to Ostroumofp and Davenport, No. 11) on the operculum. 
Harmbr found recently that the first rudiment of the polypide is 
paired and appears on the lateral margins of the operculum, the two 
parts only uniting later to form an unpaired invagination. This 
explains the abnormal cases in which, during regeneration, two 
polypides are formed in one zooecium. By the invagination of the 
two layers of the body-wall that now takes place, a new polypide 
is produced in the way described above. It has long been known 
that, during this process of regeneration, the wall of the stomach of 
the new polypide comes into close contact with the brown body. 
According to Haddon, the latter even passes through the wall into 
the stomach of the newly-formed polypide, and Ostroumoff held 
that during these processes entoderm-elements pass out of the bro^vn 
body into the wall of the stomach of the polypide, to take part in 
the development of the latter (pp. 43 and 44). These statements, 
however, have not been confirmed by Davbnport's more recent 
researches. According to Harmer, indeed, in FltistrOj the brown 
body is actually taken into the newly- formed alimentary canal, 
although in Bugula this is not the case. 

We are still without any explanation of the significance of these 
regenerative processes, which recall the regeneration of the head in 
PJioroniSy Pedtcellina^ and the Tubularia, and which may be com- 
pared with similar processes in the Tunicata. We should, however, 
mention Ostroumoff's view that, together with the brown body, 
certain excreta are received into the intestine, which are afterwards 
ejected through the anal aperture with the remains of the brown 
body. Harmbr's researches (No. 16) seem to some degree to support 
this view. 

Vn. General Considerations. 
Recent anatomical researches, especially those of Caldwell and 
CoRi, show that there is a great agreement between the structure 
of Phoronis and that of the Ectoproctous Bryozoa. This similarity 
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is specially marked in the Phylactolaematous Bryozoa (Fig. 28), on 
account of the horse-shoe-shaped lophophore, the presence of the 
epistome (ep\ and the similarity in the arrangement of the body- 
cavity. Thus in the latter, we find a septum separating the 
lophophore-cavity from the rest of the coelom, and having the 
nephridial funnels* sunk in it, and an epistomal cavity distinct (t) 
from the lophophore-cavity {cf. Fig. 5, p. 9). The recognition of 
these pomts of agreement throws a new light upon the Bryozoa 
It shows that the Phylactolaemata represent by far the most primitive 
type, while the Gymnolaemata, with regard to the segmentation of 
the lophophore, have undergone simplification, the condition of the 
body-cavity also showing degeneration. 

Further, through a comparison with Phoronisy the remarkable 
form of the Bryozoan larva is to some extent explained, and the 
task of tracing back the Bryozoan larva to the Trochophoran type 
is rendered easier. The comparison of the Bryozoan larviie to the 
Actinotrocha has been made chiefly by Harmer (Entoprocta, lit, 
Xo. 4) and Ostroumoff (Xo. 24). 

The forms of Bryozoan larvae in which the larval intestine is 
retained will be treated first, as the most primitive. Among these 
forms, CijphonaufeSy by the possession of shell-valves and an atrium, 
shows a secondarily modified condition, the larvae of Tendra and 
AlcyonuJiuni being most suited for comparison with the larvae of 
other groups of animals. The most striking organ of the larva is 
the massive equatorial corona, the locomotory organ. We should 
be tempted to see in this the homologue of the pre-oral ciliated 
ring of tlie TrochopJwre, but for the difficulty presented by 
the fact that the circular mantle-cavity which is destined to form 
the greater part of the body-wall lies in front of the corona. In 
any case, we are led, by a comparison with the Acfinoirocha, to 
consider the retractile disc, on account of the similarity of its 
position, as the equivalent of the apical plate. This view, which is 

* The investigations made so far on this ix>int are not conclusive. The 
nephridia of the Phylactolaemata (see diagram, Fig. 28, n) were first seen b^ 
Verworn, and later were described more in detail by CoRi (No. 46), but their 
occurrence has recently been disputed by Braem and Krabpelin [also by Oka]. 
Braem connects the stnictures referred to with his " forked canal" (p. 42). It 
is, however, not imjiossible that these organs exist side by side. Cori's state- 
ments have, on the other hand, been supported by Blocmmann (Brachiopoda, 
Lit. No. 4). 

Habmbr (No. 16) was unable to convince himself of the presence of special 
excretory organs in the Gymnolaemata, but we may well feel inclined to regard 
as a nephridium the intertentacular organ observed in some forms by Farbk, 
Smitt, HiKCKs, and more recently by Prouho (see p. 14). 
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supported by the utilisation of this structure as larval tactile organ, 
obtains further confirmation from the statements of Harmer and 
Prouho quoted above (p. 20). Both these authors were able to 
observe that the larval brain is connected with the retractile disc, 
and Prouho was able to add the information that the latter organ 
underwent, during metamorphosis, a degeneration similar to that 
which takes place in all other y 

larval organs (p. 24). 

Of the larval organs lying 
on the oral side, the so-called 
sucker is evidently the homo- 
logue of the invagination 
which lies on the ventral side 
of the Actinotrocha, between 
the mouth and the anus 
(Fig. 4 C, iv, p. ?)♦ In the 
Bryozoa also, during meta- 
morphosis, this invagination 
gives rise to a part of the 
body-wall, though it here 
produces only the adhesive 
plate which lies altogether 
at the base of the primary 
zooecium. The structures 
known as the ectodermal 
furrow and the pyriform 
organ, on the contrary, seem 
to be provisional organs 
peculiar to the Bryozoan 
larvae, for which no homo- 
logue can be found in the 
Actinotrocha or the Trocho- 
phore stage of other groups. 

We may thus, perhaps, 
recognise in the Ectoproctous 
larvae a somewhat modified 
Trochophore stage, which in 
the possession of a ventral 
sucker may be connected with the Actinotrocha. 




Fiu. 28. — Diagrammatic median section through a 
Phylactolaematous Bryozoan (coustracted after 
CoRiX This should be compared with the dia- 
grams of Phoronii (Fig. 5, p. 9) and Terebratula 
(Fig. 41, p. 80). a, anus ; ed, hind-gut ; eh, epis- 
tomal cavity; ep, epistorae ; /, funiculus; p, 
ganglion; ijk, lophophore- cavity, here termed 
the circular canal ; m, mouth ; ma, stomach ; 
n, nephridium ; oe, oesophagus ; t, tentacle ; tm, 
tentacular membrane ; U, tentacle-sh«ath. 



Recently, however. 



* In position this organ agrees closely with the rudiment of the foot in 
Holloscan larvae, with which it has repeatedly been homologised. 
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obstacles to such a view have arisen from the study of the ontogeny 
of the Phylactolaemata. While most authors are agreed in assuming- 
that, in the Gymnolaematous larva, the retractile disc belongs to the 
aboral region, more recent investigators are of the opinion that, in 
the Phylactolaemata, the point at which the polypide- rudiments 
appear (and which corresponds to the retractile disc) occupies the 
position of the vanished blastopore. We are not, at the present 
moment, in a position satisfactorily to solve these difficulties, which 
are due to the incompleteness of our knowledge of the ontogeny 
of the Bryozoa, and must await further investigations. 

In the Bryozoa, as in Phoronis, metamorphosis begins with the 
evagination of the sucker-like organ. This is followed by fixation 
and extensive disintegration of the larval oigans. In Phoronis, 
only a few larval organs are thrown oif, and these are replaced by 
permanent organs (e.g., pre-oral lobe, tentacle-crown, circum-anal 
ciliated ring), but, in the Bryozoa, the intestinal canal and the whole 
of the body-wall of the larva undergo degeneration. The latter are 
not simply thrown off (as are the provisional organs of Phoronis), 
but sink by invagination into the interior of the body (through 
the formation of the vestibulum), and are there transformed into 
the so-called brown body. This degeneration affects not only the 
larval integument, but all the provisional oigans which lie in it — 
the corona, the ectodermal furrow, and (according to Prouho) the 
retractile disc. 

By means of these transformations, the larva reaches an attached 
sac-like stage, and already shows on its surface the future ectoderm 
of the primary zooecium. Within it are found the remains of the 
original central tissue and the brown body, described above, which 
is formed of the degenerated larval organs. A primary zooecium, 
at this stage of development, strongly recalls those individuals of 
the Bryozoan colony in whicli, as is often the case, the polypide 
degenerates. These also consist of a zooecium closed on all sides, 
and have within them, besides strands of the funicular tissue, a 
brown body derived through the degeneration of former polypides 

After the attachment of the Bryozoan larva, the primary polypide 
very soon commences to form, while the disintegration of the larval 
organs is still going on. Its rudiment is found at the upper or 
distal pole of the primary zooecium, having been produced either, 
as has till now been believed, by the invagination of the retractile 
disc, or, as Prouho holds, not directly from this, but from a new 
structure which appears at this point, as to the origin of which 
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nothing is known. We have further seen above (p. 37) that this 
polypide develops in the primary zooecium exactly as the polypides 
regenerate in those zooecia of the colony in which a previous 
polypide has degenerated. 

In both cases, as it appears to us, the continuity of the individual 
is retained by means of the persistent zooecium. We shall therefore 
have to regard the rise of the primary zooecium from the larva 
merely as metamorphosis, and to consider the newly-formed polypide 
as a part of the same individual which is represented by the larva. 
The cephalic section has been, if we may so express it, regenerated 
in the attached larva. It would be theoretically inaccurate to regard 
the iise of the polypide in the primary zooecium as the budding of a 
new individual. We must here bear in mind that in the Phoronid 
larva also it is chiefly the organs of the cephalic region that are 
thrown off and regenerated during metamorphosis. 

The metamorphosis of the Ectoprocta is, indeed, connected with so 
far-reaching a disintegration of the larval orgEuis that it is not 
possible to institute a direct comparison between the position of 
the organs in the larva and in the adult. There is a gap here which 
may be filled up by an examination of the metamorphosis of Phwonis, 
We may in consequence assume for the adult individuals of the 
Bryozoan colonies also, that the short line between mouth and anus 
is the dorsal middle line, and that the ganglion lying at this part 
represents the supra-oesophageal ganglion which is derived from the 
neural plate. 

A few remarks as to the Bryozoan larvae in general have still to 
be added. A comparison with the Actinotrocha is here specially 
instructive. The Actinotrocha leaves the egg when only slightly 
developed; it feeds and grows considerably, and during larval life 
develops the rudiments of many important organs (and this is also 
the case in Cyphonautes), The Actinotrocha thus passes through 
important processes of growth and development, and at the same 
time seeks out a suitable point for fixation, and facilitates the dis- 
tribution of the individuals over a large area. The swarming stage 
of most Bryozoa, on the contrary, serves, as a rule, merely for 
the last purpose. The larva does not feed, and consequently, the 
alimentary canal degenerates. Its one office is to seek out a suitable 
point of attachment, and for this purpose it is provided with a 
highly-developed locomotory apparatus and sensory organs. So as 
to facilitate locomotion as much as possible, the rudiments of the 
future parts of the body are present in an invaginated condition only 
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(pallial cavity, sucker). The internal oi*gans, furthennore, are packed 
into the smallest space possible. We shall therefore not be surpiised 
at the absence of the coelom in the larva, although, from a com- 
parison with the ActinotrocJiOj we should have expected it to be 
present. The coelom, even in adult forms of marine Ectoprocta, is, 
in a certain sense, degenerate (the peritoneal epithelium being 
wanting); the cause, of its excessive degeneration in the larva, 
however, is to be sought in the conditions just mentioned. A similar 
temporary obliteration of the interior of the larva is to be found, 
for instance, in the Planida-lenya. of the Cnidaria. 

If we now consider the Phylactolaematous larva in the light of 
what has been said above, we shall find that the central cavity within 
it, taking into account its further development, must be assumed to 
be the coelom. In this respect, then, the embryo of the Pliylactolae- 
mata, as compared with that of the Gymnolaemata, recalls more 
primitive conditions. We must not, however, forget that, in other 
respects, this larva has undergone the most far-reaching degenera- 
tions. The development of a large central cavity inside the ciliated 
larva may be connected with its life in a specifically lighter medium 
(fresh water). We find, for instance, that the larva of SpongUla is 
distinguished from somewhat similar marine Sponge larvae by the 
possession of a larger cavity. 
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CHAPTER XVII. 

BRACHIOPODA. 

Our knowledge of the ontogeny of the Brachiopoda is still somewhat 
incomplete, especially with regard to certain important points. The 
anatomy of the adult fonns is better known, but the close ci'owding 
of the organs between the shell-valves in the larva renders it difficult 
to ascertain their relative positions. This very crowding has no 
doubt been the cause of many of the changes that have taken place 
in the original type of organisation. All that is known of the 
ontogeny of the Brachiopoda, however, points to the conclusion that 
they are closely related to the two groups which have just been 
considered — the Phoronidae and the Ectoproctous Bryozoa. This 
view is founded upon the presence of a tentacle-bearing lophophore, 
originally horse-shoe-shaped, and of an in tegumental fold (epistome) 
above the mouth, and, further, on the agreement that prevails in the 
three groups with respect to the body-cavity and the nephridial 
system. The characteristic pelagic larvae of the Brachiopoda also, 
can without difficulty be brought into agreement with those of the 
Ectoprocta. 

In our description of the Brachiopoda we shall treat of the 
Testicardines and the Ecardines separately, beginning with the first of 
the^ groups, the ontogeny of which has been more fully investigated. 

1. Testicardines. 
A. Embryonic Development. 

The first ontogenetic stages of this group have been investigated 
by Lacaze-Duthiers (No. 10 in Thecidium\ Morse (Nos. 11 and 12 
in Terebrattdina\ and especially by Kowalevsky (No. 8 in Argiope, 
Theeidiuin, Terebrahila, and Terehratidina), The more recent 
researches of Shipley (No. 16) have, in all essential points, confirmed 
the statements of Kowalevsky. 

With respect to the first ontogenetic processes, the Testicardines 

F 
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may be divided into two groups, the one including the genera Argiope^ 
Terebratula and TerebrcUulina, and the other being represented by 
Thecidium, The distinctions between these two groups, however, 
are only in points of secondary importance, and can be explained by 
the crowding of the blastomerea in Thecidium, 

In Argiope, the mature eggs pass first into the body-cavity and 
thence into the nephridial canals that function as oviducts. The 
latter open into brood-pouches* lying on 
cither side of the body ; these are to be 
regarded as invaginations of the body- 
wall, and in them the eggs pass through 
the first stages of their development. The 
embryos are attached to the wall of 
the brood-sac by a tough filament at their 
anterior ends. It has not yet been 
definitely ascertained where fertilisation 
takes place, but it is probable that it 
occurs after the egg has reached the 
brood-sac. Cleavage is total and ahnost 
equal, and leads to the development of 
a regular coeloblastula which is followed 
by a gastrula-stage resulting from invagina- 
tion. During this stage, the plane of 
symmetry of the body seems already to 
be defined. The last point at which the 
blastopore closes seems to correspond to 
the anterior part of the ventral side, 
perhaps to the position of the future oral 
aperture (cf, similar conditions in Pharonis, p. 2). While tlie 
blastopore is closing, two lateral coelom-sacs become separated from 
the archenteron by ingrowths of its walls (Fig. 29-4); this abstriction 
takes place in such a way that the last vestige of communication 
lietween the three cavities is retained in the most anterior part of the 
body. In this last point only is there a distinction between this 
process and that by which mesodermal folds arise in Sagitta (VoL i, 
p. 367) ; in other respects the two processes are somewhat alike. 

After these coelomic sacs have become completely cut ofi*, we 
find in the now lengthening embryo an archenteron closed on all 

* In certain fossil forms, the embryos seem to pass through the whole of their 
development within these brood-sacs, or at least within the mantle-cavity of 
the parent, as is indicated by the discovery by SUESS of quite young shells 
enclosed in a Stringocepkalua {cf, Zittel, No. 17). 



Fio. 29.— Two ontogenetic stages 
otArgiope (after Kowaletsky, 
ttom Balfour's Text-book), 
Af late gastruU stage showing 
the origin of the coelomic sacs 
(pv). Bt stage after the sepa- 
ration of the three regions of 
the body, b, provisional setae ; 
U, blastopore ; dm, mid-gut ; 
pv, coelomic sacs. 
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sides (rudiment of the mid-gut), which soon grows out posteriorly 
as the rudiment of the intestine, and two lateral coelomic sacs 
(rudiments of the middle germ -layer and the body-cavity)— ^Fig. 
29 B. During the whole of larval life the alimentary canal remains 
closed, the rudiments of the mouth and anus being wanting. The 
coelomic sacs grow completely round the mid -gut, the walls of 
the two sacs becoming applied later to form a dorsal and ventral 
mesentery. 

The embryo now grows somewhat in length and becomes marked 
oflf into two parts by a circular furrow. The anterior part of the 
body is soon cut up by another circular furrow into two regions, 
so that the animal now consists of three parts not quite of equal size 
(Fig. 29 B)* These three parts have repeatedly been called 
segments, but we shall see that they are 
in no way true segments, and we shall 
therefore name them the cephalic, the 
thoracic, and the pedal regions. The latter, 
defined by Kowalevsky as the caudal 
segment, contains only the posterior pro- 
longations of the coelomic sacs (Fig. 29 B), 
the mid-gut belonging to the two anterior 
regions. 

The cephalic region gives rise later to 
the umbrella-like cephalic section of the 
Ixxly which is surrounded by a ring of 
cilia (Fig. 30), and carries at its apex four 
^symmetrically placed eye-spots, the dorsal 
Ijair of which appears first. In the thoracic 
i-egion, a fold is soon found growing out 
j)osteriorly {m)-, this fold, which at first 
is circular and then becomes divided up 
into a dorsal and a ventral lobe, must be 

regarded as the rudiment of the two mantle-lol:)es, and will here be 
called the mantle-fold. It carries ventrally two pairs of provisional 
tufts of setae (ft), and almost completely encircles the pedal region 

• Authors differ with regard to the origin of the middle region of the body. 
According to Hoyer (No. 7), it becomes cut off from the anterior section of 
the embryo when the latter consists of two sections. This is confirmed by 
Shipley's statements in connection with Argiope, and Lacaze-Duthiers' in 
connection with Thecidium. Oehlert and Deniker (No. 9), on the contrary, 
agree with Kowalevsky in the view that " Le seginent median s'est probable- 
nient form6 par la division du segment caudal." It cannot be denied that tliis 
ia a point of some importance. 




Fig. so.— Free-swimmtng larva of 
Argiaj>e (after Kowalbtbky, 
fh)m GeoknbaubX b, setae; 
m, mid-gut ; m, mantle. 
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of the larva. The latter region gives rise to the peduncle of the 
adult. 

The eggs of Thecidium^ which are distinguished by their com- 
paratively large size, after leaving the oviduct, pass into a brood-sac 
which develops as a median invagination of the ventral mantle-lobe, 
into which two of the cirri of the ring of tentacles hang down. To 
these the eggs are attached by means of fine filaments {cf, PhoronU). 
Cleavage here also is total and equal, but the cleavage-cavity is from 
the first small. An invagination of the blastoderm does not here 
take place, but the second embryonic layer arises "through the 
simple and irregular formation of its cells from the cells of the 
blastodenn," and thus probably by polar ingression. The whole 
of the cleavage-cavity is soon filled with cells of the primary 
entoderm, which become arranged into three masses, in each of 
which a cavity soon appears. The part that lies between the other 
two becomes the mid-gut, and the lateral parts represent the 
coelomic sacs, so that we now have a stage equivalent to that 
described above for Argiope, The further development of the two 
forms also agrees. The embryo first lengthens and becomes divided 
up into transverse regions. According to Lacazb-Duthikrs, the 
middle region here arises by abstriction from the anterior half. 
The most anterior part of the cephalic region becomes marked oflT 
later by a circular furrow, so that the ciliated larva is finally com- 
posed of four distinct regions separated from each other by circular 
furrows. 

B. Metamorphosis. 

Our knowledge of the metamorphosis of the Brachiopoda we owe 
principally to the investigations of Morse in TerehrcUtdinOj and 
KoWALBVsKY in Argiope and lliecuHujn^ but these investigations 
are far from complete. The attachment of the larva, the form of 
which has been briefly described above, is brought about by means 
of a cement secreted by the posterior pole of the body (pedal 
region). The mantle -fold now bends anteriorly (Figs. 31 F-K, 
32 A), so that it soon completely envelops the cephalic segment. 
The former external surface of the mantle-lobes now becomes the 
inner surface and vice versa. In this way the points of insertion 
of the four larval tufts of setae come to lie on the inner surface of 
the mantle (Fig. 32). The setae now soon fall off (Fig. 33), and, 
in those forms which, in the adult condition, possess setae on the 
margin of the mantle, are replaced by the permanent setae. In 



Digiti 



zed by Google 



METAMORPHOSIS. 



69 



Argiope^ these latter are wanting. The two shell-valves now soon 
form on the outer surface of the mantle-lobes as cuticular secretions. 
The pedal region of the larva becomes the peduncle of the adult, 
and two large groups of muscles which can be recognised even in the 
larva (Fig. 32 B) become changed into the ventral peduncular 
muscles. In Liothyrina and TereJtratulina there is also a pair of 
dorsal peduncular muscles in the larva. The two pairs of muscles 
which end at the bundles of setae become the shell-adductors. The 
pair of muscles which, in Fig. 32 J5, lies on either side of the posterior 
€nd of the digestive tract, represents the rudiment of the divaricators. 
This pair divides later into a pair of dorsal and a pair of ventral 
divaricators. 





a a 



^'^'t 



^/<\ iJ^i 




Fig. 81.— Stages in the attachment and metaroorphosis of the larva of TertbrtUvlina (after 
MobskX ^f ^^^ of provisional setae ; e, cephalic region ; Ifc, thoracic r^ion ; i>, peduncular 
region of the body. 

The metamorphosis of the cephalic region of the larva is the 
most obscure. In comparing this larva with that of Phxn'onis^ we 
should expect that this section would give rise merely to the integu- 
mental fold above the mouth (epistome) and to the supra-oesophageal 
ganglion (see diagram, Fig. 34). According to Kowalkvsky, however, 
it ap{)ears, on the contrary, that the rudiment of the oesophagus 
(Fig. 33 -4, oe) develops as an ectodermal invagination in the region 
of the cephalic lobe, and the latter, with its eye-spots, is for some 
time longer recognisable within the attached larva (Fig. 33 B), If 
this is the case, we should have to attribute to the ciliated ring, 
which runs round the cephalic lobe of the larva, a postoral position. 
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It is, however, not impossible, indeed, taking into account the dorsal 
position of the lophophore-nidiment, it is probable that even before 
the oesophageal invagination appears m the cephalic lobe of the 
attached larva, certain displacements have taken place which alter 
the primitive conditions (cf. Fig. 34). 




-ta^pi 



Fio. 82.— Two stages in the metainorphosiM of Argiope (after Kowalxvskt). b, proviaional 
setae ; d, rudiment of the mid-gut ; k, cephalic lobe ; m, mantle-fold ; «(, peduncle. 

The rudiment of the lophophore (Fig. 33 ^, ^ arises in the form 
of an almost circular thickening on the inner surface of the dorsal 
mantle-lobe. As the mouth is later encircled by the lophophore, this 
circular thickening of the cephalic lobe must extend ventrally. The 
first tentacle-rudiments (t) are soon seen in the form of four swellings. 
At a later stage these develop into hollow tubidar outgrowths 
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(Fig. 33 jB), their number being increased by the addition of new 
rudiments, the point at which the budding of tentacles first takes 
place being the most anterior or distal part of the lophophore, which 
later becomes its dorsal part. 

H B 




Fio. 88.— Two older ontogeDetlc stages of Arffiope (after Kowalsvsst). a, eye-spots ; d, mid- 
gut ; oe, oeaophagufl ; st^ peduncle ; <, tentacle-radlments. 

It may at first sight appear remarkable that the tentacles grow 
out on the inner side of the mantle-lobe. But if we consider the 
free-swimming larva, in which this inner side still functions a& 
the outer side of the thoracic section, we shall see that the crown 
of tentacles here has a similar post-oral position as in the Actino- 
trocha (cf. diagram Fig. 34, t). 



K — 




V -- 




Fio. 84. — Hypothetical scheme of the metamorphosis of the Brachiopoda for comparison with 
the Aetinoiroeha, A^ flree-swimming larva. The oral aperture (m) is depicted, although not 
actually present at this stage. The position in which it here appears, below the cephalic 
lobe Oi\ is not in accordance with Kowalbvsky's statements. The tentacle-buds also are 
not actually present at this stage. B, an imaginary transition stage. C7, younger Brachiopud 
after the reversal of the two mantle-lobes. The epistome has arisen fh>m the cephalic lobe 
{k\ Tbe row of tentacle-bads (0 belongs for the most part to the dorsal lobe of the mantle. 
d^ dorsal lobe of the mantle ; ep, epistome ; Ac, cephalic lobe ; m, mouth ; <<, peduncle ; 
f, tentacle-buds ; v, ventntl lobe of the mantle. 
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The later transformations in the lophophore have been investigated 
in TerehratuliTia by Morsb. The lophophore here is originally 
circular, but, later, the anterior edge becomes indented. In this 
indentation, close to the median line, new tentacles form. The 
tentacular apparatus, which in this way has become horseshoe- 
shaped (Fig. 35), resembles the similar organ in Phoronis and the 
Phylactolaemata, this resemblance being heightened by the fact that 
here also a dorsal fold, the lip (e), can be seen over the mouth ; 
this must be regarded as the epistome which, in later stages, is 
continued along the whole length of the row of tentacles. The 
mouth (ni) lies in a ciliated furrow, the buccal groove, between 
the ventral row of tentacles and this fold, this furrow being con- 
tinued on to the arms as the brachial groove. The two processes 




Fin. 35.— Two ontogenetic stages of the lophophore of T«rtbrtUu- 
Una septentrionalis (after Morse), o, outer, b^ inner arm; d, 
J3 tlmentary canal ; e, epistome ; {, hepatic appendage ; m, mouth. 



of the horseshoe -shaped lophophore develop into the large lateral 
arms of the adult, while the little, spirally-coiled, inner arms (b) 
grow out only later in the dorsal indentation. The details of the 
development of the lophophore in later stages must vary on account 
of the varying shape of the adult organ in the different forms; 
but on this point we are still without accurate information. 

In Argiopc, the lophophore retains the simple original horseshoe -shape 
throughout life. Both this form and Thecidium show a primitive condition, 
inasmuch as the connection of the arms with the dorsal mantle-fold is per- 
manently retained. 

With regard to the external alteration of form in the attached 
larva, it should further be mentioned that, according to Morsb, the 
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youngest stage of Terebratvlina septentrionalis strongly recalls the 
shape of the shell in Megerlia and Argiope, Later, a stage develops 
which, on account of the long, flattened shell- valves and the long 
peduncle, strikingly recalls Lingtda, and this leads Anally to the 
adult form. 

The only details known as to the development of the inner organs are 
such as are easily imderstood. The division of the intestine into sepa- 
rate sections and 
the development 
of the hepatic 
tubes as lateral 
diverticula of the 
anterior section 
of the intestine 
(Fig. 35 A, I) are 
among these, as 
also the rise of 
the nervous sys- 
tem from thick- 
enings of the 
ectoderm. The 
original connec- 
tion of the cen- 
tral nervous sys- 
tem with the 
ectoderm in va- 
rious forms of 
the Brachiopoda 
is, as in PAoronw, 
retained through- 
out life. 




Fio. 36,—Lingula larva (after Brooks), a, anus ; c2, dilated anterior 
section of the intestine; d', narrowed terminal section of the 
same ; e, epistome ; m, mouth ; oe, oesophagus ; s, rudiment of 
peduncle ; t, unpaired tentacle ; f, youngest tentacle-buds. 



IL Ecardines. 

The embryonic development of the Ecardines is up to the present 
unknown. Only the pelagic larvae and the youngest attached forms 
are known, the metamorphosis, briefly noticed by F. MCller and 
McCrady, having been chiefly investigated by Brooks in Lingula 
(No. 5). The most striking feature in the metamorphosis of this 
group is, that the pelagic larvae are at a very advanced stage of 
development which, in the Testicardines, is reached only after 
attachment. 
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The youngest larva of Lingula observed by Brooks was already 
enclosed in two flat, discoidal shell-valves, not articulating with one 
another, but covering the animal dorsally and 
ventrally, their edges being free all round (Fig. 
37, 8 and t). The anterior part of the mantle- 
cavity is occupied by the disc-like lophophore 
beset with tentacles (Figs. 36 and 37), in the 
centre of which can be recognised the oral 
aperture (Fig. 36, m) and an epistomal fold 
(e) overhanging it. In the lophophore, a 
striking feature is the presence of a dorsal, 
unpaired tentacle {t\ at the sides of which the 
youngest tentacle -rudiments grow out (Fig. 
36, t'). The actual body of the animal is 
small, and contains a body-cavity which is not 
spacious, an alimentary canal, and a few groups 
of muscles. Among these latter, we notice first 
a pair running near the oesophagus (oe) and an 
unpaired bundle extending from shell to shell. 
The alimentary canal at first appears divided 
into the bent oesophagus (oe\ a dilated stomach 
{d\ in connection with which can soon be seen 
the hepatic diverticula and a posterior intestinal 
outgrowth {d')y which bends round anteriorly 
and fuses with the body-wall on the right side, 
at which point the future anal aperture soon 
arises (Fig. 36, a). 

Other features to be noted in the youngest 
Lingula larva are the complete absence of the 
rudiment of the peduncle and the presence of 
a remarkable semicircular skeletal plate, which 
lies below the dorsal shell-valve and is con- 
nected with that valve. In the larva described 
by F. MOller (Fig. 38), which perhaps belongs 
to Crania^ five pairs of sti-ong provisional setae 
could be seen, the larva creeping by the help 
of these and the lateral movements of the shell -valves. In 
swimming, the shell- valves are opened and the lophophore is 
extended far beyond the shell, the swimming movements being 
brought about by the cilia covering the tentacles. 

The mdiment of the nervous system can be recognised in the fonn 



Fio. 87. — Diafframniitic 
median section through 
the Lingula larva (after 
Brooks, from Bal- 
four's Text'lHXjk). a, 
margins or tlie shell- 
valves ; ft, thickened 
margin of the mantle ; 
c, mantle ; d, median 
dorsal tentacle; e, 
lophophoi e ; /, epis- 
tome; g, mouth; A, 
mantle • cavity; t, 
body -cavity; k, wall 
of the oesophsgas; 2, 
oesophagus ; m, hepatic 
chamber of the stom- 
ach; ti, Intestinal cham- 
ber of the stomach ; o, 
hind • gut ; 9, vent ral 
ganglion; r, posterior 
muscle ; «, dorsal, f, 
ventral shell-valve. 
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of a ring surrounding the oesophagus; in this ring are found a 
ventral ganglionic thickening, two lateral ganglia and two dorsal 
otocysts. In Franz MtJLLBR's larva (Fig. 38), paired eye-spots (a) 
and auditory vesicles (o) were also observed. These sensory organs 
degenerate in the course of further development. 

The rudiment of the peduncle now arises at the posterior end of 
the body, and soon grows to a considerable length ; by means of this 
the attachment of the larva takes place. In the further course of 
metamorphosis the lophophore assumes its final shape ; characteristic 
changes occur in the form of the shell-valves, and the mantle-sinuses 
arise as horn-shaped diverticula growing out from the body-cavity, 
while the rows of setae found in the adult appear on the margin of 
the mantle. 

ni. Changes in the shape of the Shell. 

Certain transformations undergone by the shell of Terebratvlina 
in the course of ontogenetic development were pointed out by Morse, 
who drew attention to the fact that the shell in this form, during its 
development, passes through stages in which it resembles the shells 
of Megej'lia or Argtope (cf, p. 73). These developmental changes of 
the shell have recently been investigated by Beechbr (No. 1), 
who proposes to name the first rudiment of the shell of a newly 
metamorphosed larva, which consists of a homy, chitinous, or 
cuticular secretion, the protegvlum. The most primitive and the 
most widely distributed form of protegulum is a semi-circular or 
semi-elhptical plate (Fig. 39, p) with a straight hinge-line which, in 
length, corresponds to the greatest breadth of the plate. The shape 
of the protegulum may be modified in individual cases, the future 
form of the shell then exercising an influence. Only in rare cases 
does the shell, after increasing in size by the formation of new 
layers, retain the original shape of the protegulum, the zones of 
growth here running parallel with the periphery. An example 
of this is afforded by Paterina (Oholus) labradm'ica. Other forms 
(e.g.f OrbictUoidea) pass through a Paterina-like stage in their 
ontogeny (Fig. 39 A), 

The phases through which the shell-valves pass in later stages 
are connected with the relative length of the peduncle, with the 
angle formed by the longitudinal axis of the animal and the 
substratum, and with the consequent greater or slighter mobility 
of the body. The manner of insertion of the peduncle is also of 
significance in connection with the transfomiations in the form 
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Fio. 88.— Pelagic Brachiopodan larva 
of Desterro, Bwimmiug by means of 
the extended lophophore (after F. 
Mcller). a, eye-spots; 6, pro- 
visional setae ; e, epistome ; o, oto- 
cyst ; p, internal skeletal plate. 



of the shell. In Lingvla^ for instance, the peduncle projects as a 
prolongation of the longitudinal axis of the body between the 
posterior ends of the sliell-valves, which consequently are of some- 
what the same shape. In most other 
forms, the peduncle is inserted more 
in the region of the ventral valve, 
the consequence being that, as it 
shortens, the two valves come into 
close but dissimilar relation to the 
substratum. Here we may perhaps 
find the reason for the valves having 
become more and more heteromor- 
phous. 

As a rule, forms in which the 
peduncle is long and the body com- 
paratively movable, have long and 
posteriorly pointed shells with a sliort 
hinge-line {Terebrafulina). A shorten- 
ing of the peduncle brings the posterior 
end of the body into contact with the 
substratum, and this leads to the 
development of broad forms "with lengthened hinge-line {e.g.^ Argiope, 
Terehratella), When, as in the Disctnidae, the position of the body 
is strictly horizontal, the ventral valve resting on the substratum, and 
the peduncle emerging from an aperture near its centre, the shell 
resembles a circular disc (Fig. 
39 B), Here, as in Anomia, 
among the Lamellibranchiata, 
there is a tendency to the 
development of a radial type 
of shell as a consequence 
of the attached manner of 
life. In the Oyster-like forms 
that fuse with the substratum 
{Thecidmm^ Grania\ the diver- 
gence in the shape of tlie two 
valves reaches its higliest limit. In one member of the Producfidae 
{Probo8cideUa)y the ventral shell-valve becomes lengthened by the 
growth of its frontal and lateral edges in such a way as to form a 
calcareous tube resembling that of Aspenjillum, This form of shell 
may perhaps have arisen in adaptation to a boring or digging habit 
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Fio. 89.— Two ontogenetic stages of the shell of 
Orbicnloidea miniita (after Bbecher). A^ Pater- 
ina-stage. B, older stage, p, protegnluin. 
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"With regard to the passage of the peduncle out of the shell, 
Bbbghsb has distinguished four different types: 

I. Atremata. The peduncle passes out simply hetween the 
posterior edges of the two valves, retaining the direction of the 
axis of the body. Lingula, Obolics, Paterina, 

II. Neotremata. The peduncle arises from the ventral shell-valve 
and stands at right angles to the axis of the body. It lies either in 
an incision of the ventral valve (ScMzocrania), or becomes surrounded 
by the ventral valve as it grows, so that it then emerges from a 
subcentml orifice in the valve. OrbiculotdeOy Discina, Acrothele, 
This group is perhaps nearly related to the Craniidae. 

III. Prototremata. The peduncle aris* from a triangular del- 
tidial slit in front of the beak of the large shell, which may either 
be open {Orthis, Tropidoleptiis) or closed by a pseudodeltidium 
(OrthisiTia, Leptaena, Strophomena, CJionetes, Strophaeodonta). The 
Thecidiidae also belong here. 

rV. Telotremata. The peduncle arises from a foramen perfo- 
rating the beak of the ventral valve. The orifice from which it 
emerges is, as a rule, surrounded by a paired deltidium {Sjnriferidaef 
Airypidae, Rhynchonellidae^ Stringocephcdidcve, and Terebi^atulkiae). 
In these groups a calcareous brachial skeleton develops. 

With regard to the development of the closing pieces of the 
beak-orifice known as pseudodeltidium and deltidium^ little has been 
discovered. Bebcher, following up Kowalbvsky's observations on 
Theddium^ traces back the pseudodeltidium to a skeletal secretion 
of the peduncle. During the metamorphosis of the attached larva, 
the two folds of the mantle are reflexed anteriorly (Fig. 40-4) and 
yield the first rudiment of the shell (the protegulum, ds and ra, 
p. 78), the line at which the reflexion of the valves took place 
indicates the hinge-line (s) of the protegulum. In Thecidium, the 
dorsal side of the peduncle -rudiment now also becomes covered 
with a skeletal secretion {p), which in later stages fuses with the 
growing beak of the ventral valve (Fig. 40 B and C) and becomes 
the pseudodeltidium. The true deltidium of the RhyncTumellidae 
and the Terebratulidae, on the contrary, is probably to be derived 
from the reflected parts of the mantle of the ventral shell-valve 
itself. 

The two shell -valves, when they first appear, are completely 
separated from one another by the peduncle that emerges between 
them. They come into contact first at the outermost ends of the 
straight hinge-line (Fig. 36, p. 73), and at this point the first 
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rudiments of the hinge-teeth develop. These already occupy the 
position they retain throughout life, lying at either side of the 
original hinge-aperture, and thus, later, near the deltidium. When 
the hinge -line, at a later stage, lengthens out hiterally over the 
teeth, as is specially the case in Orfhis, Spirifer^ and StropJtomena, 
this is a consequence of secondary processes of growth. 




vs 



Fig. 40.— Development of the pseododeltldium in Thecidium mediterraneum (after BbichxbX 
Af metamorphosod larva of Tkeeidium. with the first rudiments of the shell (after Kowa- 
LBVBKY). £, adalt Theeidium, seen fh>in the dorsal side. C, the same, seen in proflle. 
d«, dorsal shell-valve; 11;, cephalic section ; p, pseadodeltidiam ; $, hInge-Une; $t, pedonc'e; 
V8, ventral shell-valve. 

IV. (General CoiiBideratioiiB. 

A serious obstacle to our comprehension of the pelagic Brachio- 
podan larva, as represented typically by the Argiope larva, is to be 
found in the circumstance that the oral and anal apertures are here 
wanting, their absence making the orientation of the body-surfaces 
and segments extremely difficult and uncertain. We are inclined 
to homologise the ciliated ring at the edge of the cephalic section 
with the pre -oral ciliated band of the Annelidan TrocTiopkore, 
although KowALBvsKy's observation as to the rise of the oesophagus 
(p. 69) seems to contradict this view. The position of the neural 
plate would be indicated by the eye-spots (and in TerebraitUina, 
Fig. 31 J? and (7, by a long ciliated tuft) on the cephalic pole of 
the larva. The anterior section of the body would thus possess 
characters in common with the Trochophore^ and would be com- 
parable to the cephalic lobe of the Actinotroclia, 

In considering the significance of the posterior section of the 
body, we must institute comparisons with the larvae of the Bryoroa 
and of Phoronis, There can be no doubt that the point at which 
attachment takes place is identical in the Bryozoa and Brachiopoda, 
and corresponds to the posterior end of the .body in the adult 
Phoronis, The fixation of the body is accomplished by means of 
the posterior pole of the body in the Brachiopodan larva ; the pedal 
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section passes over into the peduncle of the adult. Consequently, 
the cavity which is surrounded hy the posteriorly projecting mantle- 
fold of the Brachiopodan .larva is to be homologised only with the 
<:avity within the so-called sucker of the Bryozoan larva. In the 
liryozoa, also, that point of the sucker at which fixation first takes 
place forms a conical invagination in the main mass of the sucker {cf. 
the larva of Bugula, Fig. 9 i9, p. 26). This conical portion would 
thus directly correspond to the pedal region of the Brachiopodan 
larva. This whole structure is evidently the equivalent of the 
invaginated ventral tube of the Adinotrocha, The aperture of this 
tube in the larva of PJioronia would be comparable to the aperture 
of the mantle-cavity in the Argiope larva. We can therefore without 
difficulty compare the Brachiopodan larva with an Actinotrocha in 
the later stages, in which the above tube-like invagination has 
already formed. The principal distinction between the two is the 
complete absence of the anal region in the Brachiopodan larva. 

Here also metamorphosis commences (as in Phoronis and the 
Bryozoa) by the evagination of the formerly inturned part of the 
body through which fixation takes place. 

We thus find that a comparison of larval forms leads us to regard 
the Brachiopoda as nearly related to Phoronis and to the Bryozoa, 
and that a comparison of the anatomy of the adult Brachiopoda 
with that of adults belonging to the two other groups gives a general 
confirmation to this view. The agreement between these groups is 
specially clear if we compare the tentacle -bearing lophophore in 
Phoronis^ the Phylactolaemata, and the Brachiopoda. In the latter 
also, the lophophore is originally horseshoe -shaped, there is an 
integumental fold known as the epistome (Fig. 41, ep) above the 
mouth (brachial fold), and a lophophore -cavity not in any way 
communicating (?) with the rest of the body-cavity. We shall have 
to regard the so-called small brachial sinus (Fig. 41, a) of the 
Brachiopoda as the equivalent of the lophophore-cavity proper of 
the Phylactolaemata (circular canal of the Gymnolaemata) while 
the large brachial sinus (5) perhaps corresponds to the epistomnl 
cavity.* Certain di£ferences between the cavity in the lophophore 

* In comparing the large brachial sinus with the epistomal cavity of the 
Phylactolaemata, we shall have to bear in mind that the large arm-sinus, as 
has recently been pointed out by Blochmann in Crania^ is a paired stnicture, 
continuous in the median plane above the oesophagus. The median section 
(Fig. 41 B) represents the condition of the spiral arms laterally to the median 
plaoe. If we bear in mind the above-mentioned reservations, however, we shall 
be able to reco^ise in this diagram the agreement of the large brachial sinus 
with the epistomal cavity. 
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of the Brachiopoda and that of the Phylactolaematous Bryozoa have 
been pointed out by Blochmann (No. 4). The chief of these is 
that, in consequence of the extension of the epistomal cavity (larger 
brachial sinus) in the Brachiopoda, the lophophoral cavity is so 
circumscribed as to be reduced to a canal running below the row 
of tentacles (smaller brachial sinus); this canal then appears to be 
cut through twice in transverse sections (a, a') through the loplio- 



m . 




Fio. 4l.— DiagTRTii illustrating the structare of a Brachiopod (after prepcumtioiis ot Terthrattlla 
ccrianica; c/. Figs. 5, p. 9, and 28, p. 57). A^ lateral view of the lophophore. Most of the 
tentacle:} are supposed to have been cut away. J9, median section. The spiral amis are cut 
somewhat laterally to show the large brachial sinus, a, smaller brachial sinus ; a', the same 
in dorsal transverse section ; h, larger brachial sinus (epistomal cavity) ; d«, dorsal shell- 
valve ; ed^ hind-gut ; ep, epistome (brachial fold) ; ep', the same in dorsal transverse section ; 
h, heart; m, mouth; mg, stomach; ma, mesentery; m(, mantle-fold; n, nephridinm; 
oe, oesophagus ; s, lateral arm ; sg^ supra-oesophageal ganglion ; <p, spiral arm ; st, pedonde ; 
t, ventral tentacle ; t', dorsal tentacle ; vg, ventral ganglion ; v$, ventral shell- valve. 

phore-arnis, as also does the epistomal fold (brachial fold ep, ep). 
These difiFerences are, indeed, very easily explained through the 
higher differentiation which has arisen from the simpler type 
retained in the Phylactolaemata. 

From the condition of the lophophore and the position of the 
epistome it follows that the shell- valve, known as the dorsal valve, 
corresponds in position to the anal side of the body in the Bryozoa, 
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although we should not be able to conclude this from the flexure of 
the alimentary canal (Fig. 41 B), We must here briefly return to 
the position of the anal aperture in the Ecardines. In Lingula and 
Diaeina the anus lies on the right side of the body, in Orania, as 
JouBiN and Bloghmann have proved, in the median plane at the 
posterior end of the body. Blochmann is inclined to regard this as 
a primitive condition. Since we, however, with Caldwell, regard 
the posterior end of the body in the Brachiopoda (in view of the 
conditions prevailing in Phoronis) as in reality belonging to the 
ventral side of the body, we must consider the position of the anus 
in Crania also as secondarily modified. As a rule, in the Brachiopoda, 
the intestine is bent in the direction opposite to that which it 
assumes in the Bryozoa (c/. Fig. 41 B^ with Fig. 28, p. 57). The 
external apertures of the nephridia also appear to have undergone 
shifting in the ventral direction. Such changes in the position of 
individual organs may, however, easily be explained by the crowding 
of the body between the two shell-valves. Although these displace- 
ments are a certain obstacle in the way of comparing the Brachiopoda 
with the Phylactolaemata and Phoronis, the general agreement 
between these forms (which is specially marked in the body-cavity 
and the nephridial system) is so great, that we can hardly doubt their 
close aflinity. On this subject we refer the reader to the statements 
of Bloohmann. 

Since Stbbnstrup and others first pointed out that the Brachiopoda 
are in no way related to the bivalved Mollusca (Lamellibranchiata), 
repeated attempts have been made to ally them more nearly to the 
Annelida, by laying undue weight on the agreement that exists 
between the two groups with respect to the condition of the body- 
cavity, genital organs, and nephridia in the Brachiopoda, and to 
regard them, when possible, as Annelida adapted to a sedentary 
manner of life. Morse thus calls them ** ancient cephalized 
Annelids," distinguishing them in this way from the sedentary 
Polychaetes (e,g,, Serpida), which he names "modem cephalized 
Annelids." We must therefore refer briefly to those characters 
which have been claimed as evidences of segmentation. 

The division of the body of the larva into three or four regions 
is purely external, and, as far as is yet known, does not affect the 
coelomic sacs. Balfour pointed out that the order of appearance of 
the segments in the Brachiopodan larva differs from that prevailing 
in the Annelida. In the latter, the first segments to form are cut off 
from the posterior end of the body, while in the Brachiopoda the 
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first segments become abstricted from the anterior part of the body. 
A consideration brought forward by Caldwell seems of still greater 
importance. It is evident that in Adinotrocha the principal axis of 
the larva differs from that of the adult. In the larva, this axis runs 
from the neural plate to the anal aperture, and corresponds to that 
of the Trochophore and of the Annelid that develops from the 
Trochophore. In Phoronis^ after metamorphosis, on the contrary, a 
secondary principal axis is met with at right angles to the primary 
axis of the Adinotrocha, The principal axis of the Brachiopodan 
larva, however, corresponds to the secondary axis of PhoroniSy and 
runs from the neural plate to the point of attachment, which must 
be imagined as lying in the middle of the ventral side proper. 
When, therefore, segmentation takes place in a direction transverse 
to this principal axis, this cannot be compared to the segmentation 
of the Annelida, because the position of the latter is determined by 
the direction of another principal axis (the primary axis of an 
Adinotrocha). This example shows that the comparison with the 
Actinotrocha is of great utility in forming conclusions as to the 
Brachiopoda. 

If we believe in the comparison of the Brachiopoda with Phoroni^ 
aud the Bryozoa, in which two groups the short line lying between 
the mouth and the anus is to be recognised as the dorsal middle line, 
we shall be in agreement with Caldwell, who considers that the 
two shell-valves in the Brachiopoda strictly speaking belong to the 
ventral side, and that here also attachment takes place at the middle 
of the ventral side. 

We have seen that in the Brachiopodan larva there is no true 
segmentation, and this is also the case with the adult. The presence 
of two pairs of segmental organs in RhynchoneUa is the strongest 
evidence that can be brought forward in favour of segmentation. 
Yet we know that in the Annelida more than one pair of segmental 
organs may occur in a segment, so that too great stress should not be 
laid on this feature alone. In the same way two pairs of nephridia 
also appear in Phoronis australis (Bbnham).* 

There are many reasons for believing that the Ecardines must be 
regarded as the most primitive forms of the Brachiopoda. In this 
division a lateral anal aperture is retained in Lingtda^ and one lying 
posteriorly in the median plane in Orania. The peduncle in Lingtda 

* [While pointing out that each of the two nephridia has a double opening 
into the body-cavity, Benham never commits himself to the assertion that there 
are two pairs of nephridia. He considers Phoronis as more closely allied to the 
Gephyrea than to the Bryozoa. — Ed.] 
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is said often to be unattached and sunk into a sand-tube, so that in 
respect to this habit there is a marked similarity to Pharonis, 

It should here be mentioned that a few zoologists have assumed a 
near relationship to exist between the Chaetognatha and the Bracliio- 
poda, chief among these is van Bemmelen (No. 2), and the view has 
also been advocated by BCtschli,* O. and R. Hertwio (coelom- 
theory). These assumptions are based upon the agreement in the 
first stages of development, the rise of the coelom by folding, the 
development of three body-segments, and on those anatomical 
features common in the two groups as a consequence of the similar 
origin and nature of the enterocoele. The adult forms differ 
altogether in manner of life, and show essential differences of 
structure, the cephalic section especiaUy being developed in an 
altogether different way in the two groups. Further, the Brachiopoda, 
in consequence of the agreement of the larva with the ActiTiotrocha^ 
seem to be allied to the Trochophore type, while no such affinity has 
as yet been propounded for the Chaetognatha. The establishment of 
relationships between these two groups seems therefore to be still 
very doubtful, and their structural resemblances appear to be mere 
analogies. In any case it would only be possible to admit some veiy 
remote connection between the two, 
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APPENDIX TO LITERATURE OF BRACHIOPODA. 

I. Beecher, C. E. The Development of Terebratalia obsoleta. 
Amer. Geol Vol. xi. 1893. 

General Considerations on the Molloscoida. 

As early as 1844, Henri Milne-Edwards (No. 11) pointed out 
the relationship existing between the Bryozoa and the Brachiopoda, 
and grouped them, with the Tunicata, as the " Molluscoida." In 
1882, the true nature of the Tunicata having become known, GLAua 
(No. 2) restricted the term MoUuscoida to the Bryozoa and Brachio- 
poda. The near affinity between Phoronis and the Phylactolaemata 
was established chiefly by Caldwell (No. 1) and Rat Lankester 
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(No. 8). These two authors are inclined to claim for the Sipun- 
ctdidae also affinity to these groaps. A similar view has recently 
been adopted by Ehlbbs (No. 3) and Roule (No. 12), the latter 
regarding the Brachiopoda, the Bryozoa, and the Phoronidae as a 
sub-group of the " Trochozoaires monom&iques," and suggesting 
distant relationship to the SipuncuHdae^ the Molluscs, and the 
Rotifera. Roule lays special stress on the Trochophoran characters 
of the Molluscoid larva. We ourselves have adopted the view of 
Hatschbk (No. 6), who groups together the Phoronidae^ the Bryozoa, 
and the Brachiopoda as Molluscoida, but excludes the Sipwnculidas 
from the group. From all that is as yet known about the Ento- 
procta, we would, with Hatsghek, separate them also from the 
Bryozoa and the Molluscoida generally. Further, according to the 
more recent researches made by McIntosh, Harmbr (No. 10), 
Spbnobl (No. 13), and Ehlers (No. 3) in connection with CepTicUo- 
dieeuBy and by Fowler (No. 4) in connection with RliabdqpleurOy 
these forms also must bo removed from the group of the Molluscoida 
and probably grouped, as sedentary Enteropneusta, with . Balano- 

gl089U8* 

The union of the Phoronidae, the Bryozoa, and the Brachiopoda 
to form a sub-group rests chiefly on the structural resemblance of 
the adult forms. We have already repeatedly pointed out anatomical 
features possessed in common by these forms, and refer the reader 
to the diagrams given in Figs. 5 (p. 9), 28 (p. 57), and 41 (p. 80), 
which, when compared, reveal so uniform a fundamental type that 
we can only refer the agreement in structure found here to homology. 
The Molluscoida are provided with a true coelom, a body-cavity lined 
with a flattened epithelium which is often ciliated, and in which the 
intestine is suspended by mesenteries (these, in the Phylactolaemata, 
being replaced by the funiculus). Only in the Gymnolaemata is the 
lining of the body-cavity no longer epithelial, while strands of con- 
nective tissue traverse the so-called funicular tissue of the body-cavity. 
The dorsal region of the body appears shortened, the oral and anal 
apertures of the looped alimentary canal are consequently approxi- 
mated, as is so often the case in tubicolous animals or those leading 

* [Ma8TERMAN*8 interpretation of ^c/i7to/rocAa, if correct, shows thut Pkoronis 
mnst for the future be associated with Cephalodiscus and RhabdopUura, It 
is now fairly well established that these genera are closely related with Balano- 
gloKut to the primitive chordate stock, and have no affinities whatever to the 
Molluscoida. Harmeb, who has worked at the development both of the Ento- 
and Ectoproctous Bryozoa, still retains them in one group and considers tiiat 
they have no affinities with Phoronis. See Hakmbk and PiiouHO, Appendix 
to Literature of Ectoprocta, Nos. III. and V.— Ed.] 
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a sedentary life. For the divergent position of the anal aperture 
and the looping of the alimentary canal in the Brachiopoda, we 
refer the reader to p. 81. Among the most typical features of the 
MoUuscoida are the peculiar development of the cephalic region, 
the presence of a horseshoe -shaped, tentacle -hearing lophophore 
having a distinct part of the body-cavity belonging to itself, the 
so-called lophophoral cavity (circular canal of the Gymnolaemata, 
smaller brachial sinus of the Brachiopoda), and the possession of 
a fold (epistome) above the mouth, into which another part of the 
body-cavity is continued (epistomal cavity, larger brachial sinus of 
the Brachiopoda). The relations of these parts of the body-cavity 
inter se and to the lower cavity which contains the intestine are 
in some respects still obscure. As centre of the nervous system, 
we have a ganglion lying above the oesophagus, which in the 
Brachiopoda, however, is less massive than the ventral ganglion. 
The excretory organs are represented by a pair of nephridia, which 
at the same time function as ducts for the genital products. (In 
Phoronie austrcUis and in Bhynchonella there seem to be two pairs 
of nephridia ; ef, on excretory organs of the Bryozoa, p. 56.) 

While we thus find far-reaching anatomical agreement between 
the adults of the various divisions grouped as MoUuscoida, the 
similarity between the larval forms and their metamorphosis is less 
evident. We shall, however, have to lay stress upon the fact that, 
in the larvae of the three types to be distinguished {ActinotrocJiay 
Bryozoan, and Brachiopodan larvae), the posterior section, by means 
of which the fixation of the adult is accomplished, first appears 
in an invaginated condition. This invagination in the Actinotrocha 
(Fig. 4 C, iv, p. 7) which yields the body-wall of the posterior 
section of the body, may be homologised with the sucker-invagination 
of the Ectoprocta and with the pedal section of the Brachiopodan 
larva, which is sunk into the mantle-fold. If we maintain this 
homology, we shall have to proceed to explain the metamorphosis 
of the MoUuscoida from the Actinotrocha as the most primitive 
larval form. The Actinotrocha type is distantly allied to the 
TrochopJwre larva, being distinguished from the latter chiefly by 
the presence of a true coeloni. We have pointed out above (pp. 57 
and 78) that the derivation of the Bryozoan and Brachiopodan 
larva from an Actinotrochan form still presents some difficulties. 
We may well feel inclined to compare the posterior end of the 
body, which in the MoUuscoidan larva appears in an invaginated 
condition, and by means of which fixation takes place later, with 
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the foot of the Mollusca. Although, from the position of the organs, 
such a comparison is admissible, yet there do not appear to be 
sufficient grounds for this homology. 

The Sipunculidae show remarkable structural agreement with the 
Fhoronidae, but this similarity may possibly be explained by a similar 
manner of life, and does not necessitate the assumption of a nearer 
relationship between the two groups. The larva of the Sipuncididae 
is closely allied to the Annelidan larva and shows the true Trocho- 
phare type, from which the Aetinotrocha and the other MoUuscoidan 
larvae are to some extent removed. It ought specially to be pointed 
out that the Sipunculidae agree with the Mollusca and the Annelida 
in the presence of two primitive mesoderm -cells which produce 
paired mesodemi-bands, while, in the MoUuscoida, the origin of the 
mesoderm from the archenteron through folding is common. The 
rise of the coelomic sacs from the archenteron through folding' is 
most clearly to be recognised in the Brachiopoda, but, in the 
Phylactolaemata also, the coelom must be understood to develop 
in this way, and the statements of Caldwell as to the formation 
of the mesoderm in Phoronis are favourable to such a view, although 
the observations of Roule do not appear to support it. Although 
we, as stated above in describing the development of the Chaetog- 
natha, are not inclined to lay great weight on these dififerences in 
the formation of the mesoderm, the facts must be pointed out. 

The shifting forward of the anus and the consequent shortening 
of the dorsal area lying between the mouth and the anus is brought 
about differently in the Sipunculidae (Vol. i., p. 363) and in Phoronis. 
In the Sipunculidae^ the shifting of the anus is a consequence of 
very gradual alterations brought about by growth. The invagination 
which gives rise to the posterior end of the body in Pfwronis is 
here altogether wanting. The principal point on which stress must 
be laid in comparing Phoronis and the Sipunculidae is the fact that 
the circle of tentacles surrounding the mouth has a different mode 
of origin in the two groups, so that the tentacles cannot be con- 
sidered as homologous. In Phoronis^ this row of tentacles can be 
traced back to a formation of lobes in the region of the post-oral 
ciliated ring. In the Sipunculid larva, on the contrary, according 
to Hatschbk (No. 5 ; c/. Vol. i., p. 363), the post-oral ciliated ring 
has nothing to do with the origin of the tentacles which surround 
the mouth. The post-oral ciliated ring of the Sipunculid larva lies 
still further back, and corresponds to the anterior edge of the 
sphincter, which, after the proboscis-like anterior part of the head 
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(the introvert) is withdrawn, closes the aperture of the invagination 
thus formed (Vol. i., Fig. 159, miy p. 362). 

It appears from the ahove, that the Sipuncidtdae cannot be brought 
into any near relationship to the Molluscoida. Since, after careful 
consideration of the facts of ontogeny, we agree with Hatbchbk 
(No. 6) in doubting the near relationship of the Molluscoida and 
the Entoprocta, we are unable to adopt the view of those zoologists 
who use the structure and development of Pedicellina for explaining 
the conditions of the Molluscoida. This latter view has recently 
been adopted by Barroib, Sbbligbr, Davbnport, and Ehlbrs. 
Among these, Ehlbrs approaches our standpoint^ in so far as he 
also denies that the crown of tentacles in the Entoprocta is homo- 
logous with that in the Ectoprocta. For the reasons which compel 
us to exclude the Entoprocta from the Molluscoida, we must refer 
the reader to the following chapter (p. 101).* 

The remarkable genera Rkahdopleura and Cephalodiscus have also repeatedly 
been brought into near relationship to the Ectoproctous Bryozoa and Phoranis. 
Meantime, the researches of Harmeb, which have recently been confirmed by 
Spengel (No. lS),t and Ehleks (No. S) have revealed a striking similarity 
of organisation between CephaZodiscus and BcUanoghasus. Young bads of 
Ccphalodiscns show a distinct division of the body into three consecutive 
regions, comparable to the proboscis-, collar-, and trunk-regions of Balano- 
glosstts. These regions corres|)ond to a similar number of sections in the coelom, 
the proboscis -cavity being simple and unpaired,' while the cavities of the 
collar and the trunk are each divided by a mesentery into paired halves. In 
the adult Cephalodiscus, the proboscis -cavity is restricted to the interior 
of the large oral disc^ which lies like an epistome above the mouth. This 
cavity, according to Harmer, opens externally through two pores (proboscis- 
pores) which perforate the anterior part of the nervous system (Fig. 42, ex). 
These pores would correspond to the proboscis-pore or pair of pores {B, Kup- 
fferif Bateson) of Balanoglossiis, According to Ehlers, on the contrary, 
these pores represent the aperture of a special excretory organ, consisting of 
a canal (Fig. 42) which iiasses over into a wide terminal section lined with 
epitheliimi. The second section of the body -cavity also opens externally 
through two pores (collar-pores) beneath the apron-like fold, known as the 
qp&rculumy which hangs down behind the mouth. To this region of the body 

* [In the foregoing account of the Bryozoa, considerable stress has been laid 
on the supposed relationship of the Ectoprocta to Phoronis. Such a connection 
is by no means recognised by all students of the Bryozoa. Harmer (Ectoprocta 
Lit , No. III. ) does not consider that the Ectoprocta have any connection with 
Phoranis, and he would regard any structural resemblances as the result of 
coincidence rather than of close relationship. Both Harmer and Pbgubo 
(Ectoprocta Lit, No. Y.) regard the Ectoprocta and the Entoprocta as nearly 
related.— Ed.] 

t Cf. Spengel'b monograph on the Enteropneusta, p. 763, etc. Prof. 
Spenoel was kind enough to show us a number of drawings made from his 
preparation of Cephalodiscvs, These confirmed in all essential points the 
statements of Harmer. 
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l)eloi)gs the chief part of the central nervous system {n), which lies on the 
-dorsal side continuous with the ectodermal epithelium, and at its anterior 
part is continued into the proboscis-region. Connected with the anterior part 
of the collar-region, on either side of the proboscis, are six biserial pinnate 
tentacles {t), each with a terminal knob, and into these the collar-cavity is 
•continued. Further back are the pigmented apertures of the paii^d sac-like 
^uital organs {g). The alimentary canal forms a dorsal loop, and the anus 
(a) is displaced far fonvard. The most anterior section of the alimentary canal 
ahows a pair of lateral apertures, 

the so-called gill-slits (sp), and an f- 

antero-dorsal diverticulum {x, noto- 
<5hord), which lies below the ner- 
Tons system and extends into the 
.proboscis. The body of CepJialo- 
discus is provided with a stalk, 
but the individuals are able to 
move about freely "within the com- 
mon gelatinous coenoecium. The 
conditions of budding resemble 
those in Loxosoma, Fowler's 
more recent researches have re- 
vealed a considerable agreement 
between Bhabdopleura and Cephalo- 
discus Here also the intestinal 
diverticulum known as the noto- 
-chord is found, as well as a pair 
of collar-pores, while the branchial 
clefts and proboscis -pores are not 
to be recognised. From all that 
is known, it appears that these 
genera are nearly related to Balano- 
glosaus, while no connection with 
Pharonis and the Bryozoa can be 
proved to exist,* since, as shown 
by Lamo (No. 7), the agreement 
in structure between these forms 
can easily be shown to result from 
similarity in their manner of life. 




Fio. 42.— Diagrammatic median section through 
CephcUoditctu (after Ehlbrs, combined flrom 
MclMToeH and Harickr). a, anas ; ex, excre- 
tory organ (proboscis-pore) ; g, genital gland ; 
m, mouth; n, nervous system; sp^ gill-slit; 
f, tentacle; x, intestinal diverticulum (noto- 
chord of authorsX 
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CHAPTER XVIII. 

ENTOPROCTA. 

The group of the Entoprocta, which, although small, is rendered of 
interest by the possession of many structural and developmental 
peculiarities, has hitherto usually been united with the Ectoproc- 
tous Bryozoa, but it is doubtful if the two should be connected. 
Of the forms belonging to this group, Pedicellina^ and nearly 
allied genera such as Pedicellinopsis, Ascopodaria {Barentsia)^ etc., 
and, further, Ui-natella, form colonies, but in Loxosoma, the buds do 
not remain connected with the parent, but become detached, so that 
in this genus only solitary individuals are met with in the adult 
condition. 

Our knowledge of the embryonic development of Pedicelltna, 
apart from older statements, is principally due to the researches of 
Qatbghbk (No. 6), and Harmer (No. 5). The ontogeny of Loxosovia 
has more recently been described by Harmer (No. 4), whose results 
agree in essential points with those of Hatschek. 

The eggs of Pedicellina are fertilised while still in the ovary. 
The embryonic development takes place within the vestibule of the 
female,* which is transformed into a brood- cavity, the epithelium 
of which appears to become thickened and glandular for the 
nourishment of the embryos (Ehlerb, No. 2). These are attached 
to the wall of the brood-cavity by the pointed end of the elongated, 
pear-shaped egg-envelope (a secretion of the epithelium lining the 
oviduct). The young larvae, when hatched, still remain in the 
brood-cavity, and are said to be attached to its wall. 

In the granular and somewhat opaque spherical egg of Pedicellina^ 
enclosed in its vitelline membrane, a somewhat clearer animal pole 
can be distinguished, near which lies the germinal vesicle. Cleavage 
is, as a rule, total and unequal, but approaches the equal and regular 

* Pedicellina echinata is hermaphr<xlite. In other species the sexes appear to 
be separate. [According to Harmer, Pedicelliiui is sometimes dioecious and 
sometimes monoecious, and Loxosoma is perhaps always dioecious.— Ed.] 
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type. It is, however, not altogether regular, since the two-celled stage, 
at which the two blastomeres are not quite equal in size, is followed 
first by a three-celled stage, and only later by one showing four cells, 
this latter stage being reached by the separation from each of the 
two primary blastomeres of a somewhat smaller cleavage-sphere, near 
the animal pole. As the blastomeres of the animal pole now rapidly 
increase in number, and a central cavity appears, a blastula stage 
arises (Fig. 43 A); in this, the cells of the vegetative half are 
remarkable for their size and granular character. 

Further development leads to a formation of a true invagination 
gastrula (Fig. 43 B), The vegetative half of the embryo first 
flattens and then becomes invaginated towards the animal pole, the 
cleavage-cavity consequently being almost obliterated. The blastopore 




Fio. 43.— Three stages in the embryonic development of Pedicellina echinata (after Hatschkk, 
from Balfour's Text-hook). A, blastula stage preparatory to gastrulation. Optical section 
seen from the side. B^ gastrula-stage. Optical section fh)iu above. C, later stage, after the 
closing of the blastopore, seen from the side, a.e, archenteric cavity ; ep, ectoderm ; hy, 
entoderm ; me, mesoderm cells ; $.c, cleavage-cavity. 

closes in the form of a longitudinal slit corresponding to the median 
plane, and to the middle of the future ventral surface. A flattening 
of the ventral side can already be noticed (Fig. 43 C). At that end 
of the slit-like blastopore which can be directly observed to give 
rise to the posterior or anal end of the adult, two symmetrically 
placed cells (Tne) now appear; these have retained the primitive 
character of cleavage-spheres, and are not yet externally covered by 
the ectoderm These are the primitive cells of the mesoderm. They 
are soon completely grown over by the ectoderm (Fig. 43 C), and 
then lie in a space between the ectoderm and the entoderm, which is 
derived from the cleavage-cavity, and is considered to be the primary 
body-cavity. This cavity develops further during the following 
stages, and gradually becomes filled with mesodermal elements. 
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During the next stages the development of the definitive form of 
the body takes place. The embryo lengthens at right angles to the 
flattened ventral side (Fig. 44). At the same time the ectoderm 
thickens over this ventral region, and thus assumes the form of a 
disc which, at its edge, is sharply marked off from the rest of the 
ectoderm, and later sinks in to form the vestibule. In the anterior 
half of this disc an invagination appears which soon becomes lined 
with ciliated cells (Fig. 44, oe); this is the rudiment of the oeso- 
phagus. At a somewhat later stage another similar invagination 
develops from the posterior part of the disc (Fig. 44 B, an,t) ; this 
is the rudiment of the hind-gut, which at first is a solid, inwardly 
projecting ectodermal thickening. The oesophageal invagination 




Fio. 44.— Two later stages in the development of Pedicellina (after Hatschek, fjrom Balfour's 
Text-book), ae^ arclienteron ; an.i, anal inyagination ; /, ectodermal fold ; f.g, ciliated disc ; 
oe, oesophagus ; x, dorsal organ. 



soon becomes connected with the rudiment of the mid-gut (Fig. 
45 A). The establishment of communication between the mid-gut 
and the hind-gut, and the acquisition of an external aperture by 
the latter, occur only in the later stages (Fig. 45 B), 

The mesoderm-cells, meantime, have increased in number, the 
proliferation of the two pole-cells leading first to the formation of 
two short mesoderm-bands. Two larval organs specially character- 
istic of Pedicellina also appear. One of these, which we shall call 
the ciliated disc (Figs. 44 and 45, fg\ is an ectodermal thickening 
which lies apically and consists of large glandular cells, its margin 
being beset with stiff cilia. The other larval organ, which is known 
as the dorsal organ (Figs. 44 and 45, x\ lies on the anterior side of 
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the cup-like aboral wall of the larva, and consists of a rather deep 
ectodermal depression, part of the anterior section of which can be 
evaginated. 

In the comparison which has often been made between the Pedicellina larva 
and the larvae of the Ectoprocta (especially with Cyphonautes\ these two pro- 
visional organs have played a conspicuous- part. The ciliated disc has usually 
been regarded as the homologue of the retractile disc of the Ectoprocta. Like 
the latter, it is retractile, and seems to function as a sensory organ. This, at 
least, seems to be proved by the observation that the larva of Pedicellina, when 
swimming, always carries this organ directed forward. The structure of tlie 




Fio. 45.— Two later stages in the development of Pedicellina (after Hatschbk, from Balfovr's 
Text-book), a, anus; an.i, anal invagination; /(/, ciliated disc; hg, hiild-gat; I, liver; m, 
mouth ; nph^ nephridium ; v, vestibule ; x, dorsal organ. 

dorsal organ might lead us to conclude that it was homologous with the pear- 
shaped organ of the Ectoprocta, but the difference in the position of the two 
organs relative to the ciliated ring must be taken into consideration, and 
such a comparison must be made with caution. The organ under consideration 
lies in the one case in the aboral, and in the other in the oral region. In con- 
sequence of the difficulties which, according to the most recent researches, stand 
in the way of comparing Pedicellina and the Ectoprocta (p. 101), it must be 
regarded as doubtful wliether we are in any way justified in searching for 
homologies of this kind between the larvae of the two groups. 

The dorsal organ (Figs. 44 and 45, x) has, up to the present, been interpreted 
in very various ways. Hatscuek, wlio thought that he had convinced himself 
that an cntodermal sac derived from the rudiment of the mid-gut passed into 
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the formation of this organ, assumed it to be the first bud that attains develop- 
ment in the larva. According to the more recent researches of Hakmer (No. 5) 
and Seelioer (No. 12), however, it can no longer be doubted that the rudiments 
of the buds only appear later, after attachment has taken place, and in another 
way, and that therefore Hatschek's view was erroneous. Harmer, who traced 
the origin of the similarly formed, bilobate, dorsal organ of Loxoso7na, which is 
provided with two pigmented eye-spots, explains it as a brain (supra-oesophageal 
ganglion) arising through an ectodermal invagination and connected with a 
sensory apparatus, and, further, united by fibrous commissures with the ganglion 
that develops between the mouth and the anu& The latter is assumed by 
Harmer to be the sub-oesophageal ganglion (comparable to the pedal ganglion 
of the Mollusca). 

In the later stages, the cup-like cavity known as the atrium or 
vestibule (Fig. 45 Ay v) forms in the Pedicellina larva, the oral 
ciliated surface becoming more and more depressed. The floor of 
the cavity thus formed soon shows a deep depression extending 
between the mouth and the anus (Fig. 45 A)^ from the wall of 
which the sub-oesophageal ganglion is said to originate as a simple 
thickening of the ectoderm (Harmer), The lateral walls of this 
depression separate it from an outer groove in the floor of the 
vestibule; this latter groove runs round the anal cone and passes 
over anteriorly into the funnel-shaped oral aperture. This groove 
corresponds to the tentacle-groove of the adult. The outer thickened 
edge of the cup that has thus arisen now becomes separated by a 
furrow from the rest of the body-surface, and develops a massive 
ciliated ring (Fig. 45 B\ which functions as the locomotory organ 
of the larva. 

As the muscle -fibres develop, the different parts of the body 
become markedly retractile. The floor of the vestibule, especially, 
can be protruded far beyond its aperture and again withdrawn. 
When the larva is in the condition of greatest expansion, two 
conical processes can be seen projecting from the aperture of the 
vestibule (Fig. 45 B), The posterior cone carries at its apex 
the anal aperture (a, anal cone), while the anterior process is distin- 
guished by a tuft of long flagella; this latter process has the same 
position as the epistome, as it lies behind the oral aperture at the 
anterior edge of the deep depression mentioned above. 

A feature of morphological importance is the presence of an 
excretory apparatus (nph) consisting of two small ciliated canals 
which, in position and structure, agrees with that of the adult 
(Fig. 48, ex). We may compare this with the head-kidney of the 
Trochophore larva of the Annelida. It opens externally at a point 
between the epistome and the ganglion. 
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The structure of these excretory canala has been rapeatodly investigated io 
the adult of Losoosoma^ Pedicellina, and Ascopodaria, a certain importance being 
attributed to these forms in connection with the significance of this organ as the 
head-kidney (protonephridium, Hatbchik). The results of these investigations 
must not as yet be regarded as conclusive. While Harmsr, Fobttingbb, and 
Hatschek regard the cells of this organ as perforate, and its lumen thus as 
being intracellular, Ehlers, and more recently Pbouho (No. 9), do not agree 
with this view. According to the latter authors, the lumen of the canal lies 
between the cells. According to Ehlers, the canal ends blindly internally, 
but does not, as Harmer stated, terminate with a flame-cell. The most recent 
investigator of this subject (Prouho) even throws doubt on the blind termina- 
tion of the internal end. According to Fobttinoer and Ehlers, the two 
canals unite to form a common unpaired duct opening by a single aperture. 

Metamorphosis. 

According to the statements of the older investigators (P. J. van 
Bbneden and others), the fixation of the Pedicdlina larva seemed 
to take place by means of the ciliated disc This organ was then 
said to pass over into the pedal gland of the Loxosoma stage. It 
was therefore usually called, even in the larva, the '* cement-gland, or 
sucker," or received some other similar appellation. Metamorphosis 
would then simply have consisted in the growing out of the apical 
part of the larva as the peduncle, while the organisation of the adult 
would be attained by the budding out of tentacles in the vestibule. 
On the other hand, the more recent researches of Barrois (No. 1), 
which were confirmed by Harmer (No. 6), have revealed the sur- 
prising fact that the fixation of the larva takes place, as in the 
Ectoprocta, at the oral side, by means of the edge of the vestibule. 
During fixation the larva is in its most retracted condition (Fig. 46 A\ 
even the cell-row of the ciliated ring being withdrawn into the 
vestibule. The aperture of the latter is very much narrowed, and 
soon closes completely, and its marginal cells fuse (Fig. 46 B), In 
this way the vestibule becomes a sac closed on all sides. 

In the course of further metamorphosis, the body of the larva 
changes in shape. The lower part narrows somewhat to form the 
future peduncle (Fig. 46 B and C), while the upper part swells out 
into the head, this swelling being at first more marked posteriorly. 
The body in this way becomes almost pipe-shaped (Fig. 46 G), At 
the same time the alimentary canal, together with the vestibule, 
changes its position, its posterior portion shifting upwards. The 
stomach, the principal axis of which originally lay horizontally, has 
now assumed a more oblique position, which finally passes into a 
l)erpendicular position. The oesophagus then lies below, while the 
hind-gut with the anal aperture (a) lies above. These two parts 
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of the alimentary canal, the oesophagus and the hind-gut, now lie 
almost horizontally. 

While the intestine has shifted in the way just described, the 
vestibule has considerably lengthened (Fig. 46 B). At a later stage 
only a part of this cavity is retained, the lower part, lying in the 
peduncle, disintegrating through histolysis of its walls. Further 
disintegration and histolysis take place also in other parts of the 






Fio. 46.— Three stages in the metamorphosis oi Ptdicdlina (after Harhbr). J^ larva Just 
attached. B, commencement of the rotation of the alimentary canal, and partial disintegra- 
tion of the organs. C, the breaking through of the vestibnlar aperture and the development 
of the tentacles (0* Oj ^nal apertnre ; d, dorsal organ ; m, oral aperture ; p, pedal gland ; 
I, mdimentfl of tentacles ; to, dliated disc (sucker of Harmer). 

vestibule and of the intestinal wall. These broken down cell-masses 
are found in numbers in the lumen of the vestibule and in the 
stomach. These processes, however, do not here lead to the 
destruction of the whole organ, but only affect the portion nearest 
the peduncle. The two larval organs, the dorsal organ (d) and the 
ciliated disc {w\ on the contrary, are completely destroyed. 

After the rotation of the intestinal canal round its transverse axis, 
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above described, has taken place, the vestibule develops a new 
external aperture, its outer wall fusing with the inner surface of the 
body-wall, and a slit-like fissure arising at the point of fusion. In 
close proximity to this perforation of the wall, the rudiments of the 
first tentacles (Fig. 46, t) appear as outgrowths of the vestibular 
wall extending into the vestibular cavity. 

The stage in the development of Pedieellina attained by means of 
these transformations recalls the appearance of certain species of 
Loxoaoma in the oblique position of the vestibular aperture, and the 
presence of a pedal gland {p) which has arisen as an ectodermal 
thickening. Only later are these characters lost, the head becoming 
more distinctly marked off from the peduncle and assuming an 
upright position, the aperture of the vestibule being apical. During 
the histolysis of the inner organs, many of the isolated cells pass 
into the body-cavity; these are gradually absorbed, and the cavity 
then appears filled with star-shaped mesenchyme cells. 

The metamorphosis of the larva of Loxosmtui still remains unknown. There 
can, however, be no doubt that it Ls in essential agreement with that here 
described for Pedieellina. 

Asexual Beproduction. 

Asexual reproduction through the formation of buds plays an 
important part in the life-history of tiie Entoprocta. In Loxosoma 
the buds arise in large numbers at the ventral side of the cup, on 
either side of the parent-animal. \ The buds here seem to form 
alternately, those of the right side alternating in age with those of 
the left. When the buds have attained a certain grade of develop- 
ment they become detached, and continue their lives as solitary 
individuals. 

In Pedieellina echincUa, the formation of new buds takes place 
from a basal stolon ; since the buds retain their connection with the 
parent, colonies of variable size develop. These colonies are essentially 
bilaterally-symmetrical in their development. The stolon forms from 
the lower end of the peduncle of the oldest individual, on its anal 
side (Sbkliger). The buds are arranged on the stolon in such a way 
that the median plane in them corresponds with that in the parent- 
animal. The youngest buds are found at the grooving end of the 
stolon. Each bud develops on the oesophageal side of the bud next 
older than itself. In rare cases a lateral branching of the stolon has 
been observed in Pedieellina echinaia (Sbeligeb, Ehlbbs). In other 
forms {ABCopodaria\ such branching is common. 
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The stolon is formed by the simple growth of the two germ-layers 
present in the peduncle, i.e., the eCtoderm and the mesenchyme 
(Harmbr, Seeliger). Consequently the buds formed on the stolon 
also owe their origin exclusively to these two germ-layers. Hatschek's 
view that, in addition to these constituents, an entoderm-sac also 
enters into the fonnation of each bud, this sac having arisen by 
abstriction from the mid-gut rudiment of the next older individual, 
must, according to Harmer and Seeliger, be regarded as erroneous. 
According to these two authors, the formation of the buds recalls 
that of the 
polypide-s of 
the Ectoprocta. 
The first rudi- 
ment of the 
bud is a bulging 
caused by the 
growth of the 
two germ-layers 
(Fig. 47 A, 8t), 
an ectodermal 
invagination 
soon forming at 
the apex of this 
swelling (Fig. 
47^). The sac 
which has thus 
arisen soon be- 
comes divided 
by constriction 

into two parts (Fig. 47 A), the larger outer part representing the 
rudiment of the vestibule (a), and the smaller inner part that of 
the whole alimentary canal (i). In this case, as in the Ectoprocta, 
the mid-gut has not an independent entodermal origin. The point 
at which communication between the two parts of the sacs is retained 
becomes the future oral aperture, while the development of the hind- 
^ut and of the anal aperture follows only later. In this respect the 
formation of buds in the Entoprocta deviates from that in the 
Ectoprocta, where the anal communication of the vestibule with 
the mid-gut is the first to be established (p. 40). An ectodermal 
invagination which forms at the base of the vestibule, between the 
oral and anal apertures, gives origin to the ganglion, which, as a 





Fio. 47.— Budding in PediceUina (after Sekligeb). A, portion of a 
stolon with a very young mdiinent of a bud (st) and an older mdi- 
ment in which can already be seen the separation of the vestibule 
(a) and the intestinal rudiment (i). B, bud, with simple polypido- 
invagination {j), common rudiment of the vestibule and the 
alimentary canal), a, vestibule ; ee, ectoderm ; t, rudiment of 
intestine ; nu, mesenchyme : o, mouth ; p^ polypide-rudiment ; 
$t, young bud-rudiment. 
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solid cell-mass containing within it a dense network of fine nerve- 
fibrils (Punkt-substanz), soon Becomes detached from the ectoderm. 
The tentacles arise as outgrowths projecting into the vestibule. 

The voluntary throwing off of the head, and its subsequent regeneration from 
the end of the peduncle, has also recently been more carefully investigated by 
Skelioer. Extensive processes of degeneration occur in the "head" before 
it is separated. The end of the peduncle, after the detachment has taken 
place, shows the same composition out of two germ -layers which was 
found in the stolon, and the development of the new ** head " actually takes 
place under exactly the same conditions and by just the same processes as the 
development of the buds on the stolon. The spontaneous throwing off of the 
"head" and its regeneration recall the degeneration and new formation of 
the polypides in the Ectoprocta. 

The budding in Loxosoma takes place, according to Seelioer (No. 18), in 
just the same way as described above for Pedkellina, Here also an ectodermal 
invagination yields the common rudiment of the vestibule and the alimentary 
canal, while the mesoderm is derived from the immigrating mesenchyme-cells 
of the parent-animal. As a nile, the young bud projects early as an outgrowth 

om the pai*ent, but there arc certain modifications in the manner in which 
the buds are attached in the different species. While, in Loxosoma nTtguIaret 
Raja, cochlear^ and phaseolosomatum, the buds appear attached to the parent 
by the peduncle, in L. Kefersieinii, according to Nitschk and CLAPAEisDE, 
tlio attachment to the parent is in the region of the dorsal side of the bud 
at the boundary between the peduncle and the trunk. The peduncle therefore 
does not here grow out as a free projection from the body. According to 
Paouho, the budding in Loxosoma (CyclcUella) annelidicola is at first internal, 
the young bud developing in an ectodermal depression forming a kind of 
amniotic cavity. The buds appear to develop in the same way in Loxosoma 
Raja; this fact led O. Schmidt to trace back the formation of buds in Loxosoma 
to a parthenogenetic development. 

(General Considerations. 

In treating of the afiSnities of the Entoprocta, we must start with 
the free-swimming Pedicellina larva. This larva may, without much 
difficulty, be traced back to the TrocJwjihoi'e type. The ciliated 
rings of the Pedicellina larva would then correspond to the pre-oral 
ciliated ring of the Trochophore^ while the region lying behind the 
ring becomes invaginated to form the vestibule. In such a com- 
parison, we have to regard the short line extending between the 
oral and the anal apertures as the ventral median line of the £nto- 
proctous larva, the correctness of this view being confirmed by the 
position of the blastopore. 

In comparing the Entoproctous larva with the Trochophoref we have left the 
apical plate out of consideration. Whether Harmer's view that the dorsal 
organ {x) is the brain of the larva and the equivalent of the apical plate Ib 
Bufliciently corroborated by the facts to be observed, must be left to the decision 
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of future inveatigatora. Beside the points of agreement with the Trochopkare, 
the Entoproctous larva shows many points of comparison with the Ectoprocta, 
which may also be traced back to the Trochop?u>re type. We have, however, 
Already shown (p. 94) that such a comparison meets with considerable difficulties 
in the details of the organisation of the two larvae. 

It is of great importance for a comprehension of the adult Pedi- 
eetlina (Fig. 48) that we should carefully consider the metamorphosis 
of the larva, made known by Barrois and Harmer. Such an 
examination shows that the relative positions of the mouth, the 
anal aperture, the alimentary canal, the ganglion, and the nephridial 
canals undergo no alterations during metamorphosis. This latter 
consists solely in the rotation 
of the whole complex of organs 
now under consideration round 
a transverse axis. The vesti- 
bule alone undergoes any con- 
siderable change, part of it 
being dilated and part degen- 
erating, a new aperture also 
forming. It thus results, from 
a careful consideration of the 
metamorphosis of Pedicellina^ 
that the adult is here at essen- 
tially the stage of organisation 
of the Trochophore. We are 
thus compelled to regard the 
short line extending from the 
mouth to the anal aperture in 
the adult Entoproctan as the 
ventral median line, for this 
still directly corresponds to the 
region at which the slit-like 
blastopore closed. We must, 
then, for the sake of consistency, regard the ganglion lying at this 
point (n) as a sub-oesophageal ganglion belonging to the ventral side. 
In the same way, we would then, perhaps, be able to trace back 
the ring of tentacles {t) of the adult to the pre-oral ciliated ring 
of the larva. 

The above considerations seem to show that the Entoprocta, in spite of many 
remarkable points of agreement, cannot in any way be compared with or 
combined into the same group as the Bryozoa (Ectoprocta). We regard them as 
an entirely independent group, and in this respect agree with Hatsch^k 
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Fio. 48.— Diagraminatic median section through 
an adult PeiiuHina (after Ehlers). a, anus; 
up, epistome-Iike oral fold ; ex, excretory organ ; 
Qt genital organ ; m, mouth ; nu, fibres of the 
sphincter muscle ; is nervous system ; (, ten- 
tacles. 
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(Lehrb. d. Zool., p. 40). Just as surely as the orientation given above seems 
established for the Entoprocta, does that entirely different interpretation of the 
Ekrtoprocta, supported by a comparison with PhoroniSj seem justified. In this 
group the oral and anal a}>ertures are dorsal, the ganglion is supra-oesophageal, 
and the ring of tentacles is post-oral. The ganglia and the crown of tentacles 
would thus not be homologous in the two groups. If other divergences of 
structure be added (the want of a body- cavity in the Eutoprocta, the position 
of the anal aperture, the characteristic nephridia formed on the type of the 
head-kidney), sufficient grounds are found for completely separating the £nto> 
procta from the Ectoprocta. 

We must, however, bear in mind the fact that the foundation 
upon which the above view of the systematic position of the 
Entoprocta rests, contains a considerable number of hypothetical 
elements. Among the decisive reasons for separating the Entoprocta 
from the Ectoprocta are two observations of a very diflBcuIt nature 
(that of the metamorphosis and that of the structure of the nephridia), 
and, from these, errors may not altogether have been excluded. 
Until further corroborating investigations have been made, any 
attempts to decide the affinities of the Entoprocta must be regarded 
as provisional. We have, therefore, appended them to the MoUus- 
coida, though as an independent group.* 
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CHAPTEB XIX. 

CRUSTACEA. 



Systematic : — 

A. ENTOMOSTRACA. 

L Branchiopoda ( ^P^^JranMpus, 
*^ \ Edheria. 

Cladocera. 



a. Phyllopoda 



OSTRAOODA. 
CiRRIPBDIA. 



in. 



1.: 



Eucopepoda I ' 



Onatho8t<mat<u 
d. CoPBPODA \ " "'" I 2. Paraaiku 

Branchiora {Argtdus), 

B. MALACOSTRACA. 

a, Lbptostraoa (Nebalia), 

b, Thoracostraoa (Podophthalmata). 

I. Schizopoda (Euphauaia, Mysis), 

(1. Macrurd. 
2. Anomwu, 
3. Brachyura, 

III. Stomatopoda. 

IV. Cumacea. 

c, Abthrostraca (Edriophthalmata). 

I. Anisopoda (Tanais, Apseudes), 
II. Isopoda. 
III. Amphipoda. 

The Development of the Embryo. 
1. Oriposition, Care of the Brood. 

The eggs of the Crustacea are, as a rule, spherical in fonn, 
although in a few cases they are somewhat ellipsoidal (Oniseut^ 
Gammaru8, Ligia, Palaemon, Atyephyra, Orangorij etc). Where the 
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eggs are crowded together in a brood-cavity (e.g,, in the Arthro- 
straca), their shape, during the first stages of development, may be 
rather irregular, on account of mutual pressure. 

It has been observed that, in various Crustacea, the female under- 
goes ecdysis before laying the eggs. This is the case with some 
Cladocera before the laying of the summer eggs (Jurine, Grobbsn), 
also with Gammarus (Dblla Yallb) and Atyephyra (Ischikawa). 

The adaptations for the protection of the eggs vary greatly. The 
eggs are laid singly (Gypris among the Ostracoda and CetochiluSy 
DiaSy Centrqpages among the Gopepoda), or in bands (Argiilus), or 
united into masses (Stomatopoda). The winter eggs of many of 
the Cladocera are either, when laid, enclosed merely in their own 
envelopes, or are further protected by a cuticular, saddle -shaped 
structure, the so-called ephippium^ which is a cuticular thickening 
of the dorsal integi^ment of the brood-chamber of the mother. The 
summer eggs of this sub-order, on the contrary, undergo their entire 
development within a brood-cavity, covered by the shell of the 
mother, and a similar cavity shelters the eggs of the Notodelphyidae 
(Copepoda) whilst they undergo development. In the Branchiopoda 
there are many different adaptations for the protection of the eggs, 
which are carried about by the mother until they reach a certain 
stage of development In Apus, for example, the eggs are carried 
in a watch-glass-shaped receptacle formed by processes of the eleventh 
pair of limbs ; in Branchipu8, in a pocket-like cavity of the abdomen ; 
in Estheria, they are attached to filamentous appendages of the ninth 
and tenth pairs of legs, situated between the valves of the mother's 
shell. They are only deposited in the mud after the formation of 
the blastoderm is completed and the outer germ-layer has developed. 
Whereas, in the Ostracoda, the eggs are, as a rule, laid singly 
(Cypridae), in Cypridtna, they are retained within the shell of the 
mother until they are hatched; this is also the case in the Lepto- 
straca {Nehcdia) and in the Cirripedia. In the latter, the eggs are 
cemented together in lamellae (Lepadldae) or enclosed in branched 
ovisacs {Wiizocephala), In the Copepoda, except in the cases just 
mentioned {Cetochtlus, Notodelphyidae), the eggs are carried in 
ovisacs formed by a secretion of a special cement-gland, and are 
attached to the genital segment. In the Arthrostraca, Cumacea, 
and Myndae^ the eggs lie in a brood-chamber on the ventral side of 
the thorax, externally protected by lamellate appendages {poategites) 
of the coxal joints of the thoracic limbs belonging to this region. 
In the Decapoda, on the contrary, the eggs are usually attached 
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to the limbs of the abdominal segments (pleopoda) by means of the 
secretion of a special cement-gland. 

2. Cleavage and Formation of the Blastodenn. 

The Crustacean egg is, as a rule, distinguished by the large 
amount of food-yolk contained in it. The latter consists of spherical 
particles interspersed with fat-drops. In most cases the food-yolk 
is found equally distributed throughout the egg^ although, as a rule, 
the yolk-spherules are of smaller size at the surface of the egg. In 
a few cases, in eggs that contain less nutritive yolk, a superficial 
layer of protoplasm (formative yolk) is developed {e,g,, many 
Cladocera and Cetochilus), As a rule, part of the formative 
yolk is evenly distributed between the particles of food-yolk, while 
the rest is massed near the first cleavage -nucleus. Rarely, as 
in Moina, the polar differentiation of the egg is made evident 
by the unequal distribution of the food-yolk, which accumulates 
in the vegetative half of the egg. In Moina also, the first 
cleavage-nucleus is found (as also in Cetochiius) not exactly in the 
centre of the egg, but in an excentric position, somewhat nearer 
the animal pole. The first cleavage -nucleus usually lies, together 
with an accumulation of protoplasm, near the centre of the egg; 
and even in those forms (e.g., Mi/sis) in which discoidal cleavage 
takes place, it originally occupies a similar position. 

The Crustacean egg, after the ejection of the polar bodies and 
subsequent fertilisation, is usually at first surrounded by a homo- 
geneous cuticular envelope, which is probably secreted by the egg 
itself, and must therefore be called the vitelline membrane. 

It is not as yet universally admitted that vitelline membi-ane is the correct 
designation for this enveloi)e. The formation of this membrane takes place either 
in the lower portion of the oviduct, or only after the egg is laid (fertilisation 
occurring simultaneously). Claus considered that it arose as a secretion or 
hardening of the external layer of the yolk, and therefore assumed that it was 
a vitelline membrane, while Van Beneden (No. 1) thought it probable that it 
originated from the cells of the follicles or from the epithelium of the oviduct 
(in those cases where no follicles are developed), and accordingly called it the 
chorion. This latter name has been adhered to by many recent authors. 
H. Blanc (No. 35), in support of this view, has shown that in Cuma the 
membrane adheres more closely to the follicle-cells than to the surface of the 
egg. The view that it is a vitelline membrane, which Ludwio also held, 
receives its strongest support from the observations of Claus, who was able 
to prove by means of measurements that, in Chondracantktis, a decrease in 
the volume of the egg took place simultaneously with its appearance, and of 
Grobben, who showed that in Cetochiius (No. 21) this membrane is formed 
after the egg is laid, when a similar contraction of the egg takes place. These 
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ol)servations agree with those of Weismann, who watched tlie passage of the 
naked egg into the brood-cavity in various Cladocera, and the subsequent forma- 
tion of the membrane. More recently, Dell A Valle (No. 76) has shown that 
in Oarmnarus also the eggs are passed on into the brood-cavity without an 
external envelope, and only secrete the vitelline membrane after fertilisation. 

Secondary external envelopes are often present in addition to the 
vitelline membrane. Among these must be enumerated the external 
hard shell of the winter eggs of the Phyllopoda (Fig. 50, rf, p. 108), 
the ovisacs of the Copepoda and the Cirripedia, and the membrane 
of attachment (stalked egg-shell) of the Decapoda, which does not 
always completely surround the egg. 

There is much variation in the cleavage of the egg in different 
forms of the Crustacea, but these various types of cleavage cannot 
be assigned with any exactitude to the different subdivisions of the 
group, since distinct kinds of cleavage are to be found in nearly 




Fio. 49. — Three stages in the cleavage of the egg of Lucifer (after Brooks). A, stage showing 
division into eight cells. £, blastula stage with central cleavage-cavity. C, gastrula stage, 
d, yolk-containing portions arising from the cell c. 

related forms. Gammarua affords an example of this, the different 
species of this genus showing variations of cleavage which, however, 
according to Della Vallb (No. 76), are not so remarkable as we were 
led to believe by the earlier investigations of La Valbttb St. George 
(No. 77), Van Benbdbn (No. 1), and Bbssels (No. 2). Similar 
examples might be cited from among the parasitic Copepoda and the 
Cladocera. The latter group exhibits particularly clearly how the 
type of cleavage is influenced by the quantity of food-yolk present, 
and by the possibility of the egg being otherwise provided with 
nutritive material. In many forms of this sub-order, the winter egg, 
which is rich in food-yolk, differs in the type of its segmentation 
from the summer egg, which is poor in yolk, and which, during the 
whole course of its embryonic development, receives from the mother 
fluid nourishment through the albuminiferous contents of the brood- 
cavity (Wbismann, Claub). 
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The following four types of cleavage* may be distinguished among 
the Crustacea : — 

Type L Eggs with complete and equal deavaga This type 
is of very rare occurrence among the Crustacea. It is, however, to 
be found in the egg of Lucifer (Brooks, No. 43, Fig. 49), which is 
very poor in yolk. In this egg, after cleavage has taken place in the 
most regular manner, there is formed a coeloblastula consisting of 
few cells (Fig. 49 B) and having a spacious central cleavage-cavity, 



^ f^^ 








Flo. 50.— Fertilisation and cleavage of the ^g of liranchipu* (after A. Braukr). A, fertilitt- 
tion stage. B and C, early stages showing total cleavage. D, older stage with superficial 
cleavage, c, vitelline membrane ; d, secondary egg-shell ; /, cleavage-cavity ; p/, fsmale 
pronucleus ; pm, male pronucleus ; r, polar body. 

this stage giving rise to a very primitive invagination-gastrula (Fig. 
49 C), All the cells at first appear to be similar in form and equally 
provided with spherules of yolk. At the commencement of the 
process of invagination, however, one cell lying at the vegetative 
pole (Fig. 49 B, c) is to be distinguished by the greater accumulation 

* It should be mentioned that J. Nusbaum (No. 39) similarly distiogiiishes 
four types of cleavage among the Crustacea. His Types I. and II. , however, do 
not agree with those here given. 
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of jolk within it. First two and then four portions become separated 
from this cell (Fig. 49 (7, d), and these, shifting out of connection 
with the entoderm, come to lie within the primary body-cavity at 
the apex of the archenteric invagination. The significance of these 
portions of this cell is still doubtful (cf. below, p. 127). 

Type n. Eggs with total cleavage in the first and superficial 
cleavage in the later stages. This type is very common among the 
Crustacea. The cleavage here begins with a total and, in most cases, 
an equal division (cf. Fig. 50 B and 0), the egg dividing up first into 
two, then into four, eight, and sixteen cleavage-spheres of equal size, 
which are similarly filled with spherules of yolk. "Within each of 
these cleavage-spheres lies a nucleus surrounded by a star-like mass 
of protoplasm which sends out numerous processes. The further 
cleavage proceeds, the more do these separate nuclei approach the 
surface of the egg. As a consequence of this they lose control of 
those portions of the now prismatic cleavage-cells which stretch 
inwards. The result is a stage in which cell-regions can be dis- 
tinguished at the surface divided by furrows, while in the interior 
of the egg the originally distinct cells have become secondarily fused 
together (Fig. 50 Z)). The cleavage has become supei'ficiai. At the 
same time an even sharper distinction between formative and nutritive 
yolk takes place. The superficial cells finally contain only formative 
yolk, and become separated from the nutritive yolk by a distinct line. 
A blastula-stage (Fig. 50 D) is thus finally reached ; this consists of 
a superficial layer of cells of equal size, and of an inner mass of 
yolk (now apparently filling the cleavage-cavity*). In the latter, no 
distinct demarcation between the portions belonging to the separate 
blastoderm-cells can, as a rule, be made out. There are, however, 
indications of such demarcation in the form of radial furrows, which 
are to be seen specially distinctly in the egg of Astacus (Fig. 55, 
p. 114) belonging to the next type of cleavage. In this egg, the 
central mass of yolk breaks up into the so-called primary or 
Rathke's yolk-pyramida (observed later by Lereboulbt, No. 58, and 
BoBRETZKY, No. 41) and a spherical central body (Keichenbach, 
Nos. 64, 45). The yolk-pyramids here represent the yolk of the 
separate blastomeres, while the central mass represents the unseg- 

* Strictly speaking, the food-yolk does not lie in the cleavage-cavity, but 
oocapies a considerably larger space than did the original cavity. We must 
therefore distinguish two parts in the food-yolk : a central portion which fills 
the original cleavage-cavity, and a peripheral portion corresponding to the fused 
inner ends of the blastomeres. Only the distal portions of the blastomeres have 
entered into the formation of the blastoderm. 



Digiti 



zed by Google 



110 



CRUSTACEA. 



merited mass of yolk which fills the actual cleavage-cavity. Similar 
yolk-pyramids were observed in Palaenwn by Bobbetzky; here, 
however, in the centre of the egg, they appear to be fused together. 
This is also the case in Alphevs, PcUaeinonetes, and Hlppa (Hbrrick). 

It has been observed that, in individual cases, not all the cleavage-nuclei shift 
to the surface to form the blastoderm, but that some of them may remain in the 
central mass of yolk {Atyephyray Ischikawa ; Crangon^ Kingsley, No. 53). 
The significance of these cells is not yet clearly understood. Kikgsley believes 
that they are belated cells, left behind in the process of blastoderm -formation. 
It is, however, possible that they ought to be regarded as early representatives 
of the vitellophags (c/. below, p. 134). 

A very primitive form of cleavage, to be ranked with the type above described, 
is found in Branchipus^ according to the unpublished researches of Brauer 
(Fig. 50). This form is distinguished by the fact that total cleavage is followed 
for a long time, giving place only in the late stages to the superficial method, • 

and that a gradually increasing 
J^ n blastococle (/) appears early. 

^^^^^^ _ Such a blastocoele is not, as a 

JI^^^^^^^ ^^^^^^^^L. ^^^' ^^ ^^ observed in Crus- 

^^^^^^^^^k m^K^KI^^^ tacean eggs, save the type of 

^|^^^H[|H ^^^^^^^^^B cleavage now under considera- 

P^^^^^^^f ^^^^^^^^Ih ^'^oT^i the prismatic or pyramidal 

blastomeres being usually in 
contact at the centre. 

Careful examination of Cms- 
tacean eggs that abound in yolk 
and belong to this type reveals 
the fact that, even in the first 
stages, the blastomeres are 
hardly able to contain the 
mass of food-yolk supplied to 
them, or to avoid fusing with 
the neighbouring blastomeres. 
Ischikawa (No. 51) found in 
Atyepkyra, that, after division 
into two the blastomeres once 
more fused to form a single 
ellipsoidal mass. In a similar 
manner division into four is 
inaugurated by the separation of the four blastomeres, which, however, soon lose 
their independence and completely fuse. Only in the later stages do the blasto- 
meres become independent. Another instance of such disturbance seems to be 
afforded by the peculiar type of cleavage observed by Mayeh (No. 59) in 
Eupagiirus Prideauxii (Fig. 51). Here the first cleavage-nucleus divides into 

* According to Dr. Brauer's more recent researches, carried on since the 
above w^as written, the process in Branchipus seems to be somewhat different, 
inasmuch as the last stage, which was regarded as showing suprficial cleavage 
(Fig. 50 D), has in reality passed into the stage of the fonnation of the gemi- 
layers, and the cleavage-cavity has become filled by the immigration of entoderm 
ceils. 




Fio. 51 —Four stages in the cleavage O- Eupagum* 
Prideauxii (after P. Mayer, from Balkour's Text- 
book, bl^ the completely formed blastoderm. 



Digitized by VjOOQIC 



CLEAVAGE AND FORMATION OP THE BLASTODERM. 



Ill 



two, four, and eight nuclei without separation of the individual blastomeres ; 
the cleavage of the egg, which is at first complete, taking place only after these 
preliminary divisions of the nucleus. From the sixtcen-cell stage onwards the 
■egg- then follows the superficial method of segmentation. 

Besides the forms already mentioned {Branchipicsy Atyephyra, Eupoffiinis), 
the following Crustacean eggs belong to this type of cleavage: — (1) The summer 
«gg8 of many Cladocera {Polyphemus and Bythotrephes^ according to Weismann 
and IscHiKAWA, No. 6, the latter form having a blastococle). (2) The eggs of 
the Ostracoda {Cypris reptam^ Weismann and Ischikawa, No. 6). (3) The eggs 
of the free-living Copepoda (Glaus, Nos. 18 and 19, Hoek, No. 22 ; Cctochilmj 
Orobben, No. 21 ; Cctochihis and Harpaciicusy Van Beneden and Bessels, 
No. 2). (4) Chondracanthics among the parasitic Copepoda (Van Beneden 
and Bessels, No. 2), most of the Amphipoda (Uljanin, No. 75 ; Perkyas- 
LAWZEWA and Rossijskaya, Nos. 70 to 73). From the observations of 
La Vai^tte St. George (No. 77), Van Beneden and Bessels (Nos. 1 and 2), 
there appeared to 1)e a considerable difference in the methods of cleavage of the 
different species of Gammarus, O. locusta was said to belong to the type under 
consideration, but the fresh-water species {G. pulex and fluviatihs) to the type 
here ranked as third. Della Valle (No. 76), however, in confirmation of 
the older observations of Leydio, has proved that in the latter cases also 
cleavage is total in the first stages, so that we must class all the s])ecies of 
Oammarus under 
the present type. 
(6) Some of the 
Decapoda are, 
perhaps, also to 
be classed here ; 
besides Eupa- 
gurus and Atye- 
phyra, Palaemon 
(Bobrktzky, No. 
41) and PaUunw- 
luUs (W. Faxon, 
No. 46) may pos- 
sibly belong to 
this type. 

This type of 
cleavage also, 

perhaps, includes the Cirripedia, whose first stages of development seem to 
follow a fairly simple course. In Balamis (Lang, No. 28 ; Hoek, No. 27 ; 
Nassonow, Nos. 13 and 29 ; Nussbaum, Nos. 30 and 31) the cleavage appears 
to be total, but somewhat unequal (Fig. 52), in which case we should have 
an example of unequal cleavage in the Crustacea. The somewhat elongated egg 
has one pole rounded and the other pointed. By the first cleavage, which takes 
place horizontally or somewhat obliquely, the egg breaks up into two dissimilar 
spheres; the one near the rounded, i.e.y the future anterior pole, consisting 
entirely of formative yolk (a), yields the ectoderm, while that near the pointed 
or posterior pole (6), which is rich in food-yolk, yields the elements of the 
mesoderm and entoderm. The next division takes place in the ectoderm- 
sphere and leads to the formation of a cap-like mass of cells (Fig. 52 B^ C), 
which gradually grow round the sphere containing food-yolk (Fig. 59 A, b). 





Fig. 52.— TbreA consecutive stages in the cleavage of Dalamu (after 
Lako). a, stage of division into two cells. B, the upper cell a has 
divided into two. C, the same after division into four. 
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This circumcrescence has been described as epibolic gastrulation (Lang), bnt 
it must still be considered doubtfiil whether this is the correct interpretation. 
According to Nassonow's drawings (No. 13), it appears that when the formation 
of the blastoderm is completed, cell -elements are ejected by the central food-yolV 
sphere also, and become massed more superficially near the point last affected 
by the circumcrescence of the blastoderm (blastopore, Lang, Nassonow). Even 
this may, perhaps, be only a modification of a primarily complete and later 
superficial cleavage. The gastnila-stage would have to be sought later, when 
a small depression of the surface appears (Fig. 59 B, hip, p. 126) at the above- 
mentioned point, and a simultaneous immigration of the entoderm-cells [en) 
into the mass of food-yolk takes place. This method of formation of blastoderm 
would belong to that order of superficial cleavage in which the blastoderm 
originally appears as a disc, but would be distinguished from the typical 
examples of that method by the fact that the point at which the disc appears 
here lies opposite to the blastopore, while in other cases the two points agree iu 
position {cf. p. 115).* 




Fio. 6S.— Diagram of the cleavage of Callianassa subttrranea (after Mkrescbkowsri). Id the 
stages F-H, the food-yolk is limited to the central portion of the egg. 

Cleavage takes place somewhat differently in SacciUina (Van Benedeh, 
No. 25 ; Kossmann). In this egg, the formative and the nutritive yolk become 
separated only in the four-celled stage which is reached by total and regular 
cleavage. We then have four micromei-es consisting of formative yolk and four 
macromeres consisting of food-yolk. Whilst tlie micromeres increase by fission 
and cover the surface of the egg with a blastoderm layer, the macromeres fuse 
to form a simple central mass of food-yolk. The cleavage of the yolk, which 

* [According to Groom (No. I., App. to Lit. Cirripedi4i\ the smaller of the 
two cells resulting from the first cleavage, which he terms the first blastomere, 
fonus only a portion of the ectoderm. The second blastomere is formed from 
the yolk, and tlie blastoderm is formed partially from the blastomeres already 
present, but largely also from fresh blastomeres (merocytes) yielded by the yolk. 
The first division consequently does not divide the effg into ectoderm and 
entoderm, but simply into a macromere (yolk-cell) and a micromcre, the latter 
being but one of the future blastomeres, of which the macromere gives off a 
number. He fuither concludes that the gastrula is formed by epiboly, and 
that there is no superficial cleavage duriijg the later period of division. — Ed.] 
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has been observed by Eossmann, seems here also to be a secondary process 
occurring in the later stages. As the cleavage of SaceuUna appears to belong to 
the Type II. b, described below, p. 115, it tends to confirm the view of the 
cleavage of Balanus to which preference was given above. 

Type in. Eggs ixrith purely superficial cleavage. In this 
type, the formative yolk, from the very beginning, has no control 
over the mass of food-yolk. The first cleavage -nucleus, lying in 
the centre of the Qgg (Fig. 53 A)y divides regularly into two, four, 
eight, etc., nuclei (Figs. 53 B-D and 54 A\ which are surrounded 
by radiate masses of protoplasm. The areas of the separate cells, 
however, do not become marked off by furrows cutting right through 
the egg, although, in a few cases, such furrows are indicated even 
in early stages as grooves on the surface (Fig. 53 E). The lai*ger 
the number of cleavage -nuclei becomes, the more do they shift 
towards the surface (Figs. 53 D and 54 B\ and a regular blastoderm 
is formed in the same way as that described under Type I. (Fig. 
53 F-H). 



\ 







Fia 54.— Two stages in the cleavage of the egg of AsUxcxm (after Morin). A^ younger stage 
with a few cleavage-nnclei within the egg. B, older stage with superficial distribution of 
the cleavage-nuclei and a correspondingly wavy surfocc. 

The processes here described as taking place within the egg, t.^., the division 
of the cleavage-nuclei and the shifting apart of the radiate islands of protoplasm 
which surround them have often been called cleavage. Indeed, these islands 
of protoplasm have even been named deavage-cells, which then appear in a 
certain oontradistinction to the masses of food-yolk. In so far, however, as 
we regard the whole egg as the equivalent of a cell, and the two, four, eight, etc., 
separate spheres produced by its total cleavage as cells, it is evident that we 
ought not to consider these protoplasmic Islands, which are designated " cleavage- 
cella," as fully equivalent to blastomeres. They represent merely the centres 
of blastomeres, whose areas, owing to the absence of furrows, have not been 
demarcated. In the first stages of superficial cleavage, the egg is on the level 
of a multinucleate cell. This view is supported by the frequently observed fact 
that the so-called "cleavage-cells" are connected together by a reticulum of 

I 
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fine protoplasmic processes. If, therefore, we understand by cleavage here, 
as elsewhere, the act of marking off separate cell areas, it follows that the term 
superficial cleavage is applicable to the present type, since cleavage actually 
occurs here only in the superficial parts of the egg. 

This type of segmentation is also very common among the Crustacea. It 
is found in the following eggs: — (1) In the sumnier eggs of many Cladocera 
{Moina, Daphnia, Sida, Leptodora, Daphnellay Weismann and Ischikawa, 
No. 6), and in all winter eggs {Moinaj Daphnia^ Sida^ ByUiotrcpJies, Pdyphemiu, 
Leptodora^ Weismann and Ischikawa, No. 16). There is thus among the 
Cladocera a gi-oup of forms {BythotrepJies, Polyphem%is\ the summer eggs of 
which belong in their cleavage to Type II., while the winter eggs belong to 
Type III. (2) In the eggs of several Isopoda (Asellus* Van Beneden, No. 79; 
Porcellio, Reinhard (No. 91) and Roule (No. 92). This type of cleavage 
may, perhaps, be more common among the Isopoda than has hitherto been 
thought (3) In the eggs of Penaeus (Hakckel, No. 47), Callianassa sub- 
terranea (Mereschkowski, No. 60), Astaeus (Morin, No. 61), Homarus 
(Herrick, No. 50a). 





Fig. 55.— Later stages in the cleavage of the egg of Attants (after Reichekbach, flrom 
Hatschbk's Text-hook). A, section of one of the stages. The formative yolk has collected 
at the surface. The food-yolk has divided into separate yolk-pyraniids. The central body 
is found within it. /}, later stage in which the layer of blastodenn-cells (i) has beoorae 
distinct trom the yolk-pyramids (f ). 

It is very important, in the formation of the blastoderm which 
follows the superficial cleavage, to distinguish clearly two subsidiary 
methods : 

(a) The formation of the blastoderm takes place all over the surface 

simultaneousl7/y e.g., in Astaeus^ BranchipuSy and the free-living 

Copepoda. 

* According to more recent statements by Roule (No. 92), which are not 
very clear, it appeal's as if the cleavage of Asellics were at first total and only 
later superficial. Van Beneden, on the contrary (No. 79), emphasises the fact 
that at first a mere increase in the number of nuclei within the yolk takes place, 
that these nuclei become distributed lat^r at the surface of the egg, and that it is 
at the surface that the limitation of their areas occurs, while nearer the centre 
the mass of yolk remains uufurrowed. In this case, the egg of Aselliis undoubt- 
edly belongs to Type III. 
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(b) The blastodenn develops first on the ventral side of the egg. 
Its fonnation begins at one point on the surface and proceeds 
gradually from this point, which always represents the future ventral 
side of the egg; in the Decapoda the point denotes the most posterior 
€nd of the ventral side, or the spot at which, later, the gastrula 
invagination appears. This has been observed in Palaemon and 
Eriphia, in which the formation of the blastoderm is completed 
over the whole surface of the egg and closed on the dorsal side, only 
when the rudiments of the embryo are already to be seen on the 
ventral side. 

These modifications in the formation of the blastoderm ai*e found both in 
Type II. and Tyjie III., and tliiis result in four subsidiary methods of cleavage, 
-which deserve detailed description : 

Type 11. a. The cleavage is at fii-st total, and later superficial, being followed 
hy the simultaneous formation of the blastoderm all over the surface ; Branchipus^ 
free-living Copepoda, summer eggs of Polyphemus and Bythotrfphes, Eupagunis, 

Type II, b. The cleavage is at first total, later superficial, the blastoderm 
developing first on the ventral side. This method is exceedingly common 
among the Amphi|)oda. As, in this method, the cells on the future ventral side 
divide more rapidly, and there is in this region an early separation of the 
hlastoderm-cells from the food-yolk, a considerable difference is found between 
the cells of the ventral side and the large cells of the future dorsal side which 
abound in yolk. It is evident that this type of cleavage, which is seen in 
various Amphipoda (especially in Oammarus locusta^ according to Van Beneden 
and Bessels, No. 2), gi^eatly resembles in its first stages total, unequal cleavage. 
An important distinction, however, arises from the fact that in this case the 
jx)le at which the small cells are found belongs to the vegetative half, that 
portion of the surface at which, later, the formation of entoderm takes place, 
while the larger cells belong more to the animal region (the later dorsal side). 
In any case the two axes here compared (that |)a8sing through the animal and 
vegetative poles, and that from the small-celled to the large-celled pole) do not 
appear to coincide, but to cross each other obliquely {cf. below, p. 142). 

Type III, a. The cleavage is purely superficial, the subsequent fonnation of 
blastoderm taking place all over the surface simultaneously ; many Decapoda 
{Penaeus^ Astticus, Cfdlianassa)^ all the winter eggs and many summer eggs 
of the Cladocera. 

Type Ill.b, The cleavage is purely superficial, the blastoderm developing 
first on the ventral side of the egg. In this case a few of the numerous 
elements to be found within the yolk first shift to a definite point at the surface, 
there to be transformed into blastoderm -cells. There thus arises a small 
blastoderm-disc, corresponding in position to the future ventral side of the egg ; 
this disc gradually increases in size, new elements from within the yolk con- 
stantly rising to its periphery and becoming changed into blastoderm-cells. 
This method of cleavage consequently strongly resembles the discoidal cleavage 
to be described presently. The distinction between the two types consists in 
the fact that in Type III. 6, the increase of the blastodenn is due to the accession 
of new elements from the inner portion of the egg, while in true discoidal 
-cleavage (IV.), the increase takes place exclusively by the division of the elements 
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already present in the blastoderm-disc. It is probable that these two tjites hare 
been oonfiised one with the other, since in many cases in which the occnrrence 
of discoidal cleavage in Crustacea has been maintained, the observations were 
not confirmed by the systematic examination of sections. It therefore appeal^ 
probable to ns that most parasitic Coi^epoda, to which Van Bknkdek and 
Ressels (No. 2) ascribed discoidal cleavage, in reality develop according to 
Tyi)0 111.6. The same is possibly the case with the Isopoda {Onisctu, Ligia*\ 
for which discoidal segmentation was asserted by Bobretzky (No. 80) and Yak 
Benrden (No. 1). We are, indeed, justified in raising the question whether 
ti*ue discoidal cleavage ever occurs in the Cnistacea, and whether more careful 
examination might not lead to the complete absorption of Type IV. in 
Type III. 6. Among the Decapoda also there are some representatives of this 
last type, such as Uoinarus^ Eriphia, and perhaps also Palarmon. It is possible, 
however, that the last-named genus, on account of the total (?) cleavage that 
takes place in the first stages, should, like Atyephyra, be assigned to Type II. 6. 

Type IV. Eggs with discoidal cleavage. In the types of 
cleavage which we have so far considered, two processes go on 
side by side simultaneously, viz., (1) the increase of the elements, 
and (2) the separation of the blastomeres from the food-yolk (i.e., 
the separation of the plastic portion of the egg from the nutritive). 
In the blastula stage, which finally results in Types II. and III., we 
then find a superficial layer of epithelium and an inner mass of 
food-yolk, in which, as a rule, no cell-nuclei or other plastic elements 
are still to be found. If we now imagine this process of separation 
between the blastomeres and the food-yolk to be shifted back to the 
earliest stages, we obtain an explanation of discoidal cleavage, as it 
has been observed in Mj/sis (Van Beneden, No. 37; Kusbaum, 
Nos. 38 and 39) and Guma (No. 35), as well as in some oiher 
forms, t Here the very first cleavage-cell becomes entirely separated 
from the food-yolk, on the surface of which it comes to lie. The 
food-yolk from this time onward contains no more cleavage-nudei. 
The formation of the blastoderm begins with the superficially placed 
cleavage-nucleus, which divides (Fig. 56 A), and thus yields a cap of 
blastomeres (Fig. 56 B) ; these increase in number by continual 
division, and gradually grow over the whole surface of the sphere 
of food-yolk. The starting-point in the formation of the blastoderm 
here corresponds to the spot where, later, gastrulation takes place 
(posterior end of the ventral side of the embryo), while the blasto- 
derm is finally completed on the dorsal side. At this ventral 
starting-point of the blastoderm there is from the first a thicker 

* Quite recently Nusbaum has again nmintained the presence of discoidal 
cleavage in Ligia (No. 85rt). 

t [BouTCHiNSKY {Zool. Auz., XX., 1897, p. 219) describes a discoidal seg- 
mentation in Nebalia, — Ed.] 
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deposit of cells, which are here deeper and form a rounded thicken- 
ing (germinal disc). 

Not only the eggs of Mysis and Cuma^ but those of several Isopoda ai-e said 
to show this type of segmentatioD {Onisciis, accordiDg to Bobretzrt, No. 80, 
Ligia, according to Van Beneden, No. 1). It is also said by Van Beneden 
and Bkssels (No. 2) to occur in many parasitic Copepoda (AnchoreUa^ Caligus^ 
Clavella, Ltmaea, Lemaeopoda, Brachiella, etc.). It must, however, be con- 
sidered probable that the greater number of these cases really belong to 
Type III. 6. This view is supported by the observations of Boutchinsky 
(No. d7a), who, according to the plates given in his Russian treatise, observed 
a simple superficial cleavage in Paradopsis eomtUa, Our retention for the 
present of the discoidal type of cleavage for the Crustacea is due entirely to 
Nusbaum's recent description of Ligia oceanica, according to which a type of 
segmentation agreeing with that given above for Mysis actually occurs (No. 85a). 

The type of discoidal cleavage here described shows some superficial resem- 
blance to that kind of discoidal cleavage which, in many groups of animals (^.g., 
Cephalopoda), is developed from a total, unequal cleavage. Closer examination 
reveals, however, that what we are now 
considering is a peculiar process of dis- A 

coidal development of the germ^ which 
has evidently developed independently 
among the Crustacea out of a superficial 
type of segmentation. For where dis- 
coidal cleavage has developed out of 
total, unequal cleavage, we find that the 
pole of formation of the germ-disc 
corresponds to the animal pole, its 
gradnally out-spreading edge to the 
blastopore, and the plug of yolk to 
the vegetative pole of the egg. Here, 
however, in the discoidal cleavage of 
the Crustacea, it is quite otherwise. 
The formative pole of the germinal 
disc corresponds to the ventral side of 
the embryo, and all observations point 
to the fact that here also the formation 
of the germ -layers commences, and the 
important but somewhat obscured process 
of gastrulation. The circumcrescence 

of the food-yolk hero proceeds from the ventral to the dorsal side, and has 
evidently in this case nothing to do with gastrulation, since we should otherwise 
be compelled to assume, in Crustacea with discoidal cleavage, a blastopore 
closing dorsally, which would be in contradiction to the conditions found in 
other Crustacea. 

By the above considerations we are led to regard the discoidal cleavage of the 
Crustacea as an extreme case of that type of cleavage described above as 
Type lll.h. In the discoidal method, the formation of blastoderm at the pole 
where it originates is carried out so early, that its rudiment originally consists 
of a single blastoderm-cell, which, by subsequent successive division, yields the 
whole blastoderm. 




Fig. 66.— Two stages in the segmentation 
of Mytis (after Van Bbksdev) as an 
example of discoidal cleavage. A^ two 
cells are to be seen at the inrfkce of the 
yolk. B, the two cells have increased by 
division and form a cap. 
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If we consider the variations found in the different planes of organisation 
among the Yertebrata, we find a certain element of similarity between the 
discoidal cleavage of these latter and of the Cnistacea in the fact that in both 
cases a deposit of food-yolk on one side of the principal axis takes place, and 
determines the peculiar type of development. In those Vertebrates in which 
discoidal cleavage occui-s, the dorsal side of the body takes the lead in develop- 
ment, while the ventral side is hindered in its development by the accumulation 
of food -yolk. The blastopore is here shifted to the dorsal side. In those 
Cmstacea in which discoidal segmentation is found, on the contrary, the 
rudiments of the ventral side appear first, and the blastopore takes up a ventral 
position corresponding with the plan of organisation of the group. In this 
case, the dorsal side of the body is influenced in its development by the 
accumulation of food-yolk. 

In many Crustacea, when the formation of the blastodenn is 
complete, a cuticle is secreted at the surface of the blastoderm cells. 
We follow Van Bbnedbn (No. 79) in calling this membrane the 
blastodermic cuticle (cuticula blastodermica). Its appearance can 
only be explained by a process of ecdysis shifted back to an early 
embryonic period. Similar membranes are given off by the eggs 
of the Arachnids and of LimultLS, 

The formation of a blastodermic cuticle is to be observed specially among 
the Malacostraca. It has, however, also been seen in the parasitic Copepoda 
(Van Bekeden, No. 17). In the Malacostraca it is very common, being found 
in NehcUia (Van Bkneden, No. 79), the Cumacea (H. Blanc, No. 35), in many 
Decapoda (Lereboullet, No. 58, and Reichenbach, Nos. 64 and 65, found 
it in Astacus; P. Mayer, No. 69, in Eupagicrus; Bobretzky, No. 41, in 
Falaevimi; KiNGSLEY, No. 63, and Van Beneuen, No. 79, in Crangon; 
DoHRN, in Portumia), in the Amphipoda (Van Beneden and Bessels, No. 2, 
in Oammarus locitsta; Van Beneden, No. 79, in Caprella; Uljanin, No. 75, 
OrcJiestia); finally, in the Isopoda (Van Beneden, No. 79, in Asellus; 
Bobretzky, No. 80, in Oniscus), Further, it has been observed by Dohbk 
in Tanais, 

The formation of this blastodermic cuticle is, in many Crustaceans, 
followed by other ecdyses in later embryonic stages. This is especi- 
ally the case where the development is abbreviated, i.e., where many 
of the stages of development are shifted back into embryonic life. 
The cuticles formed during these ecdyses are usually distinguished 
by swellings corresponding to the rudiments of the limbs. These 
membranes are called larval integunwrUa, 

As there is considerable variation in the time of appearance of all these 
cuticular membranes, it is often difficult, in single cases, to distinguish between 
the actual egg-integument, the blastodermic cuticle, and the larval integuments 
which appear later, and to establish with exactitude the homology of the special 
cuticular stnicture in eacli individual case. There can, however, be ho doubt 
that the cuticle very common among the Arthrostraca, and observed in Lvgia 
by F. MOller (No. 4), and further, the integument developed in Mysis and 
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the Decapoda after the completion of the NaupUus stage are equivalent to 
larval integuments (Van Beneden, No. 79). In the Decapoda, a second larval 
integument is often developed in later stages; this surrounds the hatching 
ZoaecL^ and was assumed by Conn to be the cuticle of the Protozoaea stage. 
In AnchoreUa and Lemaeiypoda (Van Beneden, No. 17), the embryo moults 
three times during the course of its development: (1) When the blastodermic 
cuticle is formed, (2) when the Nauplius cuticle develops, and (3) during the 
transition to the Cyclops stage. Dohrn has bestowed special attention on 
the subject of larval integuments in his various works (cf. his treatise on the 
larval integument of the Cumacea, of Tanais, and on the 'Naupliin stage in 
the egg of Baphnia longispina). On account of the great variety prevailing 
among the Crustacea, and the uncertainty in the identification of the cuticles 
in the different cases, we should be overstepping the limits of this work were 
we to enter upon all the cases illustrating this point. 

The peculiar processes which were observed in the winter eggs of many 
Ciadooera by Weismann and Ischikawa (No. 16), and described as para- 
copulaiionf synchronise with the phenomena of cleavage. Here, after the 
ejection of the polar bodies and subsequent fertilisation, there is found a body 
resembling a nucleus surrounded with an accumulation of protoplasm ; this 
is called the copulatiovrcell. During the first division of the cleavage-nucleus, 
by which the purely superficial segmentation of the type (III.) is introduced, 
the copulation-cell remains apparently passive near the vegetative pole of the 
egg; it, however, soon approaches one of the nuclei which result from the 
division and becomes completely fused with it. The further fate of the cleavage- 
nucleus thus entering into paracopulation has not been traced. The view that 
it is destined to yield the genital rudiments is a mere assumption. The copu- 
lation-cell appears first at the time of the formation of the egg. When the 
latter is maturing in the ovary, chromatin particles are ejected from the germinal 
vesicle ; these unite to form the nucleus of the copulation-cell, which, at a later 
stage, becomes surrounded by a mass of protoplasm, probably arising from the 
cell-body. So far no hypothesis has been formed as to the significance of 
the processes of paracopulation. The origin of the copulation-cell recalls the 
ejection of chromatin particles by the germinal vesicle observed by Stuhlmann 
and Blochmann in the eggs of insects. Similar processes have also been noted 
in the maturing eggs of Myriopoda (Balbiani) and Araneae (Leydio) and 
in other groups of animals. 

3. The Formation of the Germ-layers. 
A. Oopepoda. 

Among all the Crustacea, so far as our present knowledge of their 
ontogeny enables us to judge, the Copepoda most closely resemble 
the Annelida in their development In them we have an invagi- 
nation -gastrula and the formation of the mesoderm through the 
separation of two primitive mesoderm-cells. The formation of the 
germinal layers in the Copepoda was made known by the researches 
of Gbobbkn (No. 21), Hobk (No. 22), and Urbanowicz (Nos. 23 
and 24). We have utilised the minute observations of the first 
of these writers in the account of Cetochilus here given. • v 
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CetoehiluSf like most free-living Copepoda, belongs to our second 
type of cleavage. At first the cleavage is total, in later stages 
superficial (cf, p. 109). As early as the thirty-two-cell stage^ the 
transition to the actual blastula- stage commences, the first histo- 
logical differentiation in the different germinal layers becoming 
perceptible. At this stage there is found a small segmentation- 
cavity in which the food-yolk is deposited, and into which the polar 
bodies also find their way. A similar immigration of the polar 
bodies was noticed by Wbismann and Ischikawa (No. 6) in the 




Fio. 57.— Four stages in the development of Ceiochilm (after OaoBBXif). il, thirty-tvo-oell 
stage seen flrom the veutial side. B, later stage, same aspect; all the germinal layers are 
already distinct. C, longitudinal section of the gastrula-stage. D, ventral aspect of the 
gastmla-stage, in which the blastopore is closing, cn^ central entoderm-cell ; ffm, mouth, 
of the gastmla (blastopore) ; m, mesodenn-cell ; sn, lateral entoderm cells ; «», primitiTe 
mesoderm-cells ; vn, anterior eutoderra-cells. 

summer eggs of Bythotrephea, It is probable diat the small cell 
observed by Urbanowicz in the cleavage-cavity of Cyclops is also 
to be referred to the polar bodies. 

If we examine the vegetative pole at the thirty-two-cell stage of 
CetochiluSf a decidedly bilateral arrangement of the blastomeres can 
be recognised (Fig. 57 A), We find two cells, a larger one (cw), 
distinguished by the coarse granulation of its protoplasm, and a 
smdjller anterior cell (vn). These two cells lie in the median plane, 
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and at a later stage yield exclusively entoderm-elements. They are 
distinguished as the central (en) and the anterior (vn) entodemi-celh. 
The four blastomeres (lateral cells) situated symmetrically on each 
fiide of these two, yield, by future division, both entodermal and 
ectodermal elements. The cleavage-sphere (u\ which lies behind 
the central entoderm-cells, also appears to be of importance. This 
divides later into four elements, two larger anterior cells representing 
the primitive mesoderm-ceUs (Fig. 67 J?, um\ while two posterior 
cells become ectodermal elements. 

Fig. 57 B shows us the central entoderm-cell {en) divided to form 
two blastomeres; the lateral entoderm-elements {m) have also 
become distinct by the division of the lateral cells. We thus have 
the rudiment of the entoderm consisting of seven cells, behind 
which lie the two primitive mesoderm-cells (um). The immigration 
of the mesoderm elements towards the centre of the embryo next 
takes place. The primitive mesoderm-cells yield by division two 
laterally placed elements (Fig. 57 C, m and nm), and these four 
mesoderm-cells (of which the two median cells are to be considered 
as the pole-cells of the lateral mesodermal band) shift into the 
segmentation-cavity (Fig. 57 C). Soon after this there occurs 
the invagination of the entodermal elements {en\ by which the 
gastrtda'Stage is reached (Fig. 57 C). The blastopore, a longitudinal 
fissure (Fig. 57 D\ now closes from before backward, and the ento- 
derm which has sunk inwards thus becomes a closed vesicle. It 
appears that the blastopore corresponds in position to the future 
ventral side of the embryo. If so, the part that closes latest would 
lie in the neighbourhood of the future anal aperture. 

The stomodaeum and the proctodaeum, according to the researches 
of XJrbanowigz in connection with Cydopa, arise as ectodermal 
invaginations, the former appearing during embryonic development, 
while the latter develops only in the earliest larval stage. They 
both become connected with the archenteric vesicle. 

The gMtrals-stage in the Copepoda was first investigated and described by 

HOSK. 

The statements made by Ubbakowicz as to the formation of the germ-layers 
in Cyclops do not agree witli Grobbbn's views. In Cyclops there is, at first, only 
one entoderm-cell which sinks inwards, the blastopore closing above it; this cell 
then yields by division the whole entodermal rudiment. A mesenchyme next 
arises by the abstriction of ectodermal elements, this mesenchyme giving rise to 
most of the mesodermal structures of the NaupHus, while the actual mesodenu 
is a later, secondary structure, probably originating from the entoderm and 
yielding exclusively the mesoderm-band. When, however, we take into con- 
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sideration the fact that round the central entoderm^cell in Cetochilus there lie 
elements which divide into ectodermal and entodermal elements, it appears 
possible that Urbanowicz has taken this process for the formation of the 
mesenchyme. 

The later fate of the mesoderm in the Copepoda has not yet heen 
clearly made out It appears, however, that its elements, in the 
segments of the NaupUua stage, become divided more irregularly^ 
after the manner of a mesenchyme, and very soon become grouped 
as the organs of the Nauplius. Certain cells come to lie along the 
intestine, and give rise to its musculature, others form the muscles of 
the limbs, or unite to form the antennal gland. The body-cavity 
here exhibits the character of a pseudocode. In the posterior part 
of the body of the larva, which yields the remaining and greater 
number of body-segments, on the contrary, a true paired mesoderm- 
band is developed; in this, according to Urbanowicz (No. 23) and 
Fritsch (No. 20), the rudiments of true coelomic vesicles appear. 
'J he most anterior pair of these vesicles represents the maxillary 
segment The dissepiments between the consecutive coelomic vesicles, 
which Grobbbn also (No 21) appears to have observed in the 
abdomen of Cetochilus, disappear in the later stages, whereas a 
dorsal and a ventral mesentery are said to persist throughout life 
(Fritsch). The dorsal mesentery is attached to the back by the 
separation of its two halves, thus leaving a median dorsal sinus 
which must be regarded as a remnant of the blastocoele and as the 
homologue of the cardiac cavity. This dorsal sinus is connected with 
the anterior portion of the body-cavity, which develops as a pseudo- 
code. Even in early stsiges, when the mesoderm-band is still short, 
one large cell can be distinguished from the rest ; this is the genital 
cell, which develops on each side into the rudiment of the genital 
glands. [Cf, Hacker (App. to Lit., Copepoda, No. I.)] 

The food-yolk, in Cetochilus, is present in small quantities, and 
is of little importance. In the eggs of the parasitic Copepoda, in 
which it is plentiful, it appears, according to Van Benkdbn, that the 
cells of the entoderm at first migrate into the yolk and take it up 
into themselves, thus bringing about the appearance of a secondary 
segmentation of the yolk. At a later stage, however, the cells 
again rise to the surface of the mass of food-yolk, there forming an 
epithelium which becomes the wall of the mid-gut (Fig. 73 (7, en, 
p. 148). The latter thus finally surrounds the remains of the 
food-yolk decreased by gradual absorption {cf, below the formation 
of the mesenteron in the Cirripedia, pp. 126, 174). 
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B. Fhyllopoda. 

The fonnation of the germ-layers in the Phyllopoda is best known 
in the case of the summer eggs of Moina^ one of the Cladocera, 
which have been closely investigated by Grobbbn (No. 11). There 
is considerable resemblance between the processes here and those 
already described in connection with Cetochiltts, We must not, 
however, lose sight of the fact that two factors in the development 
of the eggs of Moina have brought about a difference: (1) The 
nourishment by means of the blood-plasma transuding into the 
brood-cavity, which probably leads to secondary diminution of 
the food-yolk (in Cetochiltts also the yolk seems to be secondarily 
diminished, although from other causes), and (2) the paedopartheno- 
(/enesis, which is connected with the precocious development of a 
distinct genital cell. 

Cleavage here, as in most Cladocera, is purely superficial (Type III., 
cf. p. 113). As early as the thirty-two-celled stage we find the 
blastomeres at the surface fairly sharply marked off from the central 
mass of food-yolk. As in CetochHus, at the vegetative pole of the 
egg, certain differentiations appear which accompany the formation 
of the germ-layers. In this region are found those rudiments which, 
at a later stage (after a certain amount of displacement), lie at the 
ventral surface of the embryo. There is here a central richly- 
granular cell, which may be called the genital cell (Fig. 58, g), and 
from which, later, the paired genital rudiment arises. Behind this 
lies a cell represented in the act of division, which as the entoderm- 
cdl (en) represents the rudiment of the whole entoderm. At a 
somewhat later stage, these two rudiments have, by division, become 
multicellular. An area composed of numerous entoderm -cells 
(Fig. 58 ^, en) can then be distinguished, and, anteriorly to this, 
four genital cells (g). Around the latter are a number of cells 
representing the rudiment of the mesoderm (m»). All the remaining 
cells now form the ectoderm. 

Even at this stage the rudiment of the mesoderm has a tendency 
to migrate inwards below the genital cells (Fig. 58 B), In later 
stages, this process is completed (Fig. 58 (7, ms). The mesoderm 
now lies entirely within the embryo, and at the same time the 
entodermal area becomes invaginated, the gastnda stage being thus 
reached (Fig. 58 C). 

Soon after the mouth of the gastrula has completely closed, the 
eight genital cells, produced by division from the four above- 
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mentioned, shift inwards and lie upon the entoderm {cf» below, 
Fig. 72 Ay g, p. 147). Grobben holds that the point at which the 
blastopore closes corresponds to the future oesophageal invagination. 
It would, however, be more in agreement with the conditions met 
with in other Crustacea, especially in the Decapoda, if we might 
assume that it lay in the neighbourhood of the future anal aperture. 
While the embryo lengthens, the Nauplius limbs grow out and 
the rudiment of the brain becomes distinct at the anterior end of 
the dorsal surface as an ectodermal thickening {neural plate, Fig. 
72 A, p. 147); the rudiments of the internal organs also undergo 
corresponding development. The entoderm (en) develops into a 
cylindrical body, the cells of which, in cross section, appear radially 
arranged ; no lumen is, however, at first to be seen. The stomodaeum 
and proctodaeum (Fig. 72 J5, in, of) arise as ectodermal invaginations; 
the former is distinct even in the Nauplius, the latter only at a 
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Fio. 58 —Three stages in the developineiit of the smnmer egg of Mmtia (after Grobbsi)l 
A, egg in the thirty-two-cell stage seen firom the vegetative pole. £, blastala stage, same 
aspect. C, median section of gastmla stage. &, blastopore ; en, endodenn-cells ; g, genital 
cells ; m<, mesoderm-cells ; n, food-yolk ; s, neural plate. 

later stage. They become connected with the rudiment of the 
mid-gut. The mesoderm (ms) has spread over the whole ventral 
surface and has extended anteriorly until it comes to underlie the 
neural plate. It is situated on either side of the rudimentary 
intestine and is bilaterally symmetrical; there is, however, no 
complete separation of the two parts of the mesoderm-band. The 
genital rudiment divides to form a paired mass of cells lying on 
either side of the intestinal canal. 

The food-yolk originally lies in the primary body-cavity. It is 
absorbed in proportion as the inner organs fill that cavity. In later 
stages, a few cells separate from the mesoderm and penetrate the 
food-yolk. They then come to lie on the dorsal side of the embryo 
and become the fat-body in the adult. 
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It would be interestlDg to learn something of the fonnation of the mid-gut, 
and of the part here played by tlie food-yolk in the eggs of those Cladocera or 
Branchiopoda in which it abounds. Mciiia is a striking exception to the rule 
in being poor in yolk. In young Branehipus larvae all the tissues, even the 
ectoderm, appear to be permeated with granules of food -yolk {cf. Glaus, 
No. 9). 

In Daphnia similis, according to the recent researches of Lebedinsky 
(No. 11a), a blastoderm, of equal thickness throughout and completely covering 
the egg, is first formed by superficial cleavage. This only thickens later at 
points where the cells become elongated in the region of the cephalic lobe and 
on the ventral side of the egg. The formation of the germinal layers is com- 
menced by the appearance of a very shallow depression (blastopore), from which 
point immigration of amoeboid cells into the yolk takes place. The latter 
represent the meso-entoderm. While the mesoderm-cells become arranged into 
two symmetrical bands running forwards from the blastopore (mesoderm-bands), 
the entoderm forms a solid strand, in which a cavity develops at a later stage. 
Not all the entoderm-cells, however, take jtart in the formation of this mid-gut 
strand. "A few of them form a covering to the food-yolk, and give rise to 
two large symmetrically-placed provisional hepatic vesicles.** (?) 

In Afoina, the breaking-up of the mesoderm into somites and 
the development of a true coelom has not been observed. In the 
Branchiopoda, where the formation of the germ-layers is not yet 
known, we must fall back on observations recorded in connection 
with the larval stages of Artemia and BranehipuB. In the earliest 
Naupln of Artemia^ there is, according to the figures of Nassonow 
(No. 13), a temporary development of paired coelomic vesicles. In 
Branehipus^ on the contrary, whose youngest or Metanauplius stage 
has been carefully investigated by Glaus (No. 9), the process is 
different. Here the mesoderm in the region of the actual Nauplius 
segments and of the terminal segment has already become modified 
for the formation of organs, and has attained definite histological 
differentiation. The same is the case with the splanchnic layer 
along the whole of the alimentary canal (Fig. 88 i4, «p, p. 179). 
In those segments^ which are interposed between the mandibular 
and the terminal segment, and are found in the act of appearing, 
the somatic layer bears a more embryonic stamp. It is here 
arranged in paired mesoderm-bands, whose cells appear to be seg- 
mentally arranged in a definite manner. This arrangement is duo 
merely to a regular grouping of the mesoderm-cells, which to some 
extent recalls the arrangement described below (p. 137) in connection 
with the Isopoda. In the most posterior regions of the body, the 
mesoderm-bands are united to form a plate lying below the intestine, 
and here is found the budding zone, from which proceeds the 
formation of new segments. Grobben thought himself justified in 
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assuming that two cells lying behind this budding zone, at the edge 
nearest the terminal segment, were primitive mesoderm-cells ; but 
Claus proved that these cells, of which there are two on each side, 
in the stages hitherto examined, do not take part in the pro- 
duction of mesodermal elements. The most striking peculiarity in 
Branchipys appears to be the early development of the splanchnic 
mesoblast forming the intestinal muscles. 

C. Cirripedia. 

After the blastoderm is fully formed (c/. p. Ill), the embryo of Balamts 
consists of a layer of cells (ectoderm) completely covering the surface of a 
central mass of food-yolk (Fig. 69 B). Near the posterior pole of the ^;g, 
where an insignificant depression (6Z, the blastopore) is perceptible, the blasto- 
derm consists of several layers. The deeper layers represent the rudiment of 
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Fio. 69.— Longitudinal sections through three embryonic stages of Balanus impromsut (tttBT 
Nabsokow). a, later stage of segmentation (cf. above, Fig. 52, p. 111). B and C, stages in 
which the germinal layers are being formed. &{, blastopore ; ec, ectoderm ; en, entoderm ; 
mis, mesodenn. 

the entoderm (en) and the mesoderm {7ns), From this point the mesodemial 
elements are distributed along the ventral side of the egg (Fig. 59 C) in the 
form of a symmetrical mesodermal plate, the ectoderm being correspondingly 
thickened, so that in this way a ventral thickening of the superficial layers of 
the embryo resembling a germ-baud arises. The elements of the entoderm, on 
the contrary, are now evenly distributed through the food-yolk (Fig. 69 C, en) ; 
then, by a secondary cleavage of the yolk, the formation of definite cell-areas is 
brought about. • Finally the nuclei of the yolk-laden entoderm-spheres sliift to 
the surface to form the epithelium of the mid-gut, whose cavity arises by the 
absorption of the food -yolk {cf. below, p. 174). The details of all these processes 
are still far from clear. Nassonow's text being in Russian, it was only possible 
to gather the most important points from the figures. It appears that the blas- 
topore corresponds in position to the future anal aperture. These stages of 

* [See Gkoom (App. to Lit., Cirripedia I.). The cleavage of the yolk is not a 
sudden secondary process, but is complete from an early stage. — Ed.] 
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<ierelopinent should be further studied in Nussbaum's recent treatises (Nos. 30 
and 31), which, in the important points, agree with J;he description here given. 
According to Nussbaum, the anterior cleavage -sphere produced by the first 
division yields a cap of cells which entirely grows round the second cleavage- 
sphere. When this circumcrescence is nearly completed, division of cells begins 
actively in the superficial layer near the pointed pole of the egg, where a 
gastrula-invagination now forms. The layer formed by this invagination, and 
wliich is now turned inward, starting from the pointed pole on one side, grows 
round the inner (food-yolk) sphere towards the blunt pole. " In the meantime 
this inner sphere (or the second lower cleavage-sphere) has also divided, and 
continues to divide ; bat it is certain that the inner layer of cells of the gastrula 
are not formed from the cells derived from the inner or lower cleavage sphere." 
According to Nussbaum, the anterior cleavage-sphere would thus yield not only 
the ectoderm, but the entoderm as well. The opposition between his view and 
that of Nassonow is, however, lessened, if we may assume that the su])erficial 
layer of cells does not arise exclusively from the division of the anterior 
cleavage-sphere, but that other elements derived by micromcre-formation from 
the posterior sphere also take part in it.* The latter would then play the same 
part as the central mass of food-yolk in other Crustacean eggs that have super- 
ficial cleavage. 

The distribution of the mesodermal elements in the later embryonic stages, as 
well as in the young Naxiplius stages of the Cirripedia api)ears to be irregular. 
Grobben (No. 21), however, found in the posterior part of the body o( Hacculina 
and Balanus a few large cells, evidently caught in the act of proliferating, 
arranged on each side as a short mesoderm-band. 

D. Ddcapoda. 

The very primitive invagination-gastrula of Lucifer^ which develoi)8 
from a coeloblastula, has already been described (p. 108) and figured 
(Fig. 49 C—cf. Brooks, Nos. 42 and 43). Unfortunately the stages 
which connect this gastrula with the NaupUns have not been 
investigated. 

Tlie development of the egg of Lucifer is characterised : (1) By the small 
quantity of food-yolk which at first appears equally distributed in the blasto- 
meres, (2) by the very regular course of the cleavage and the development 
of a comparatively large blastocoele, (3) by the development of an invagination- 
gastrula. The archenteron thus arising has at its apex four spheres rich in 
food-yolk ; these spheres liave been constricted off from the neighbouring 
entoderm-cells, and their significance is as yet undetermined. Brookh considers 
them to be vestigial yolk-pyramids, w^hich w^ould corres{)ond to the primary 
pyramids of Astaats and Palaemon. The form which resembles Lucifer most 
closely is perhaps Penaeus, inasmuch as the mid-gut here also develops direct 
from the primary invagination— archenteron (Haeckel, No. 47). 

Among the other Decapoda, a comparatively primitive position 
is occupied by AstacuSy whose development has been made known 
chiefly by the researches of Bobretzky (No. 41) and Keichbnbach 

• [See Groom, App. to Lit., Cirripedia I., and footnote, p. 112]. 
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(Nos. 64 and 65). Its primitive character is shown by the fact 
that the cells of the gastrula-invagination retain their original con- 
nection, so that the archenteric vesicle persists as such until its 
transformation into the mid-gut, even although the abundant food- 
yolk here already somewhat modifies the development. 

In AsiacuSf the blastoderm arises through purely superficial 
cleavage (Morin, No. 61). After the cleavage-nuclei have become 
arranged at the surface of the egg, the food-yolk which represents 
the separate cleavage-cells breaks up into the so-called primary or 
RatlMs yolk-pyramids (Fig. 55, p. 114), a spherical central mass 

remaining unaf- 
fected by this 
process of cleavage 
(c/. above, p. 109). 
After the separa- 
tion of the blasto- 
derm-cells from 
the food-yolk and 
the complete de- 
velopment of the 
blastoderm, the 
primary yolk- 
pyramids again 
fuse. At this 
stage, the rudi- 
ment of the em- 
bryo is percep- 
tible on the ven- 
tral side of the 
egg as a thicken- 
ing of the blasto- 
derm, in which the rudiment of the future germ-band is visible. 
There are originally five distinct thickenings (Fig. 60) in connection 
with this rudiment, viz. — the two optic lobes (K), the two thoraco- 
abdominal rudiments (TA), and an unpaired thickening behind 
these, the entoderm-disc (ES), which in the next stage, by invagi- 
nation, yields the archenteric vesicle (Fig. 61). The invagination 
of this disc is inaugurated by the appearance of a crescentic furrow 
enclosing its anterior edge ; this soon becomes a circular furrow 
by the development of a posterior portion. In consequence of this, 
the central portion of the entoderm-disc, which has sunk below 




Fio. GO.—Astacus fluviatilis, part of the surface of an egg, Tvith 
embryo beginning to form (after RisicBsyBACH, ftt>m Lamo'b 
Tnt-book). B3f, formative zone of the mesoderm ; JBS, ento- 
denn-disc ; K, cephalic lobes with the rudiment of the eyes ; 
TAf thoracoabdominal rudiments. 
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the surface, projects for a time in the form of a small mound into 
the lumen of the archenteric vesicle (entodermal mound, Fig. 62, e?i). 
Even before the process of invagination begins, active proliferation 
of cells takes place at the anterior edge of the entoderm-disc (Fig. 
60, BM) ; in this way a number of cells are produced which shift 
below the blastoderm (Figs. 61 and 62, mes). These form the 
first rudiment of the mesoderm, which thus, in Astacus, has its 
origin at a definite point on the anterior margin of the blastopore^ 
where the ectoderm passes into the entoderm. 

After the invagination of the gastrula is completed, the blastopore 
closes at a point correspond- 
ing to the most posterior 
portion of the embryonic 
rudiment. According to 
Reichbnbach, this lies 
somewhat behind the spot 
at which the ectodermal 
proctodaeal invagination 
will arise later. 

The archenteric vesicle 
which results from the in- 
vagination is at first small 
in relation to the size of 
the egg. Its cells increase 
in size later by absorbing 
food-yolk (Fig. 63 A, m), 
which is deposited in each 
individual entoderm-cell in 
such a manner that the 
nucleus and the principal 
mass of protoplasm come 

to lie on the outer surface of the archenteric vesicle. This absorp- 
tion of food-yolk takes place most actively at the dorsal and lateral 
parts of the archenteric vesicle, the ventral wall, which is in closer 
contact with the other embryonic rudiments, taking a smaller share 
in this process (Fig. 63). Finally, the entire mass of food-yolk is 
absorbed by the entoderm -cells. These latter consequently swell 
into exceedingly large and columnar elements, arranged radially, 
and form the so-called secondary yolk-pyramids. This archenteric 
vesicle, the surface of which, in later stages, becomes divided into 
lobes, gives rise to the definitive mid-gut and liver (mid-gut gland) 

K 




Fio. 61.— Longitudinal section throagh the gastrula 
stage of Astacut flunatilis (after RKicHSMBAca, 
from Hatbcbkk'b Text-hook). D, food-yolk; m«, 
mesoderm ; P, blastopore ; * indicates the spot at 
iThich the anterior end of the body develops. 
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of Astacus, The outer portions of the entoderm-cells, t.e., the nuclei 
and protoplasmic portions of the cells, increase in number, separate 
from their inner yolk-bearing portions, the yolk-pyramids, and come 
into contact with each other, thus forming the mid-gut epithelium, 
while the secondary yolk-pyramids break up and form a mass of 
yolk now situated within the archenteron, which is later re-absorbed 
(c/., for the development of the mid-gut, p. 174). 

A remarkable arrangement of the rudiment of the mid-giit in the egg of 
Asta^us, which was not noticed by Bobretzky and Reichenbach, and there- 
fore must be regarded as of only occasional occurrence, has been brought to 

light by ScBiM- 
KEWIT8CH (No. 
66). The latter 
found within the 
cavity of the 
mid-gut a second 
vesicle consisting 
of cells- This 
inner vesicle, in 
the stage which 
precedes the clos- 
ing of the g&s- 
trnla - mouth, is 
divided off by a 
process of deluni- 
nation from the 
entoderm-cells ; in later stages it seems to be absorbed. Schimke'WITSCH 
compares it with those inner cells of the germ of the mid-gut gland in 
PalaemoTij which do not rise to the surface to form the epithelium, but 
eventually break up in the interior of the gut (c/. below, p. 181). 

The most characteristic feature in the development of the mid-gut 
of Astacus is that the food-yolk, which originally lies outside the 
gastrula-vesicle and fills the cleavage-cavity, is later absorbed by 
the wall of the entoderm-vesicle, and finally, in the development of 
the mid-gut, reaches its lumen. All other Decapoda that have been 
investigated differ from Astacus in the fact that the cells of the 
entoderm-vesicle lose their epithelial character, and become scattered 
through the yolk as wandering cells, and only at a later stage again 
unite at the surface of the yolk to form the epithelium of the 
mid-gut. In these forms, the lumen of the original entoderm-vesicle 
disappears; the hepatic rudiment is solid as long as the entoderm- 
cells are distributed in the yolk, and the lumen of the mid-gut 
arises only when, later, its contained yolk becomes broken up and 
absorbed. 



Fio. 62.->Modian longitudinal section through the gastnila stage of 
AMtacus fluviatilis (after Reichenbach). d, food-yolk; ec, ecto- 
derm; cfc, entod enn -mound ; en, entoderm; m, secondary meso- 
derm; mes, mesoderm. 
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In Palaemoriy for instance, according to Bobretzky (No. 41), a 
small gastrula- 

invagination , t^ kd 

<Fig. 64 ^) 
develops at a 
time when the 
blastoderm is 
not completely 
formed, /.e., 
when the blas- 
toderm-cells 
have not sepa- 
rated from their 
yolk - pyramids 
over the whole 
circumference 
of the egg. 
The cells of 
this gastrula- 
invagination, 
after the closing 
of the blasto- 
pore, lose their 
epithelial char- 
acter (Fig. 64 
B\ From the 
lateral walls of 
the entoderm- 
vesicle (m»\ 
i^lements arise 
which, at a 
later stage, 
lying on the 
germ-band, 
represent the 
mesoderm, 
while the ento- 

derm-cells arising from the floor of the vesicle {en) pass into the 
yolk, traversing it like wandering cells, and increasing in number 
within it. Each of these entoderm-cells swallows in an amoeba-like 
manner the surrounding food-yolk, so that the whole of the yolk 




Fio. 63.— Median longitudinal section through two embryos of 
Astacin finiriatUis (after Reichknbach). A^ section through the 
Nauplivs stage. D, through the stage in wliich tlie rudiments of 
the ambulatory limbs have fonne<I. rf, food-yolk ; dju secondary 
yolk-pyramids ; ec, ectoderm ; en, ento<lenn ; ep, entoderm plate ; 
g, rudiment of the ventral chain of ganglia ; h, rudiment of the 
heart; hd^ hind-gut; m, mesodenn ; md, mid-gut; og, stipra-ocso- 
phageal ganglion ; sp, splanchnic layer of the mesodenn ; vd, fore- 
gut ; t, thoraco-abdominal rudiment. 
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breaks up by an apparent secondary cleavage (the so-called cleavage 
of the yolk) into spheres, each of which represents an entodenn- 
cell ; these spheres are a homologue of the secondary yolk-pyramids 
of Asiacus, In later stages, the nuclei, each with a certain amount 
of protoplasm, rise to the surface of these yolk-pyramids, and there 
form an epithelium, which represents the wall of the mid-gut 
(Fig. 64 (7), and which here, as in Astacus, contains within it the 
food-yolk. Another group of the entoderm-cells, however, seems to 
fcike no part in the formation of the mid-gut, but, remaining within 
the yolk, shares its fate in becoming broken up and finally re-absorbed. 
These cells must be considered as the homologue of the vitellophags 
to be described later (p. 134) in connection with Mysis {cf, also 

BOBRETZKY, No. 80). 




ms 




'en, 

Fio. 64 —Three sections through the embryo of Palaemon, to illustrate the formation of the 
germinal layers (after Bobretzkv, copied ft*om W. Faxon'8 Selections tto\n Embryological 
Monographs). A, gastrala stage. B, closing of the mouth of the gastnila. C, longitudinal 
section through a later stage, d, footl-yolk ; pc, ectodenn ; en, entoderm ; «p, raid-gut 
epithelium ; 9, ganglia of the ventral cord ; k, rudiment of the heart ; hd, proctodaeal 
invagii ation ; ms, mesoderm ; og, supra-oesophageal ganglion ; rd, stomudaeal invagination. 

In Hovxarns, accordiug to Herrick (Noa. 50 and 50a), in place of the 
invaginatc gastrula, there is a quite shallow depression, starting from which a 
solid wedge-like giowth of cells (tlie keel) passes into the yolk. The cella 
derived from tliis ingrowth soon absorb the yolk-elements. 

The immigi-ation of amoeboid entoderm-cells into the food -yolk, and the 
formation of the cpitlielium of the mid -gut at the surface of the latter appears, 
in many cases, to be carried out in tlie manner already described. The relation 
of the wandering entoderm-cells to the food-yolk varies, however, in individual 
cases. Thus, according to P. Mayer (No. 59), in Eupagurus, after the immigra- 
tion of the entodermal elements, the food-yolk undoubtedly breaks up into a 
number of irregular portions and undergoes a kind of re-arrangement, although 



Digiti 



zed by Google 



DEGAPODA. 133 

the entoderm-cells do not here contain these masses of food-yolk, but occupy 
the intervening spaces. The same is perhaps the case in Atyephyra (Ischikawa, 
No. 51). In Crangon and AlphtvSf on the contrary, nothing in any way 
resembling the secondary cleavage of the yolk is apparently to be found 
(EiNOSLET, No. 58, and Hekrick, No. 49). 

In all these cases, the formation of the germ -layers begins with the develop- 
ment of a gastrula. Some recent researches by Lebedinsky (No. 57) as to the 
formation of the germ -layers of a Brachyuran, Eriphia spinifrotis, seem to us to 
require further explanation. Here also there is a gastnila-invagination, from 
the inner portion of which the entodenn-cells that immigrate into the yolk 
proceed, while, from the lateral walls of the vesicle, the mesoderm proliferates. 
Nevertheless, even before the development of this invagination, a separation 
into three layers lying one above the other, and corresponding to the three 
germ-layers, could already l)e made out in the multilaminar germ-disc. Further, 
the ectoderm of the germ-band is said to give off mesodermal elements along its 
whole inner surface by the division of its cells. The entoderm-cells scattered in 
the food-yolk finally rise to its surface and there become arranged to form the 
wall of the mid-gut At the same time, however, the food-yolk breaks up into 
columnar masses corresponding to the separate cell-areas, so that here also, at a 
late stage, secondary yolk- pyramids are developed. 

The mesoderm arises in Asiacus (Bobretzkt, No. 41, and 
Rbichbnbach, Nos. 64 and 65) and in Eupagu^tis (Maybr, No. 59) 
from a definite point at the anterior margin of the blastopore 
(Figs. 60, BMj and 62, mes). Other authors have less definitely 
assigned its origin to the neighbourhood of the blastopore (Kingsley, 
No. 53, for Orangon^ Haeokbl, No. 47, for Penaeus), or to the 
lateral walls of the archenteron (Bobretzkt for Palaemon, No. 41, 
and Lbbbdinskt for Eriphia^ No. 57). The first rudiment of the 
mesoderm is always multicellular. Its cells, which rapidly increase 
by division, spread out apparently in an irregular manner between 
the ectoderm of the germ-band and the food-yolk (Fig. 63, m). 
Only in a few stages is the distribution of the mesodermal elements 
into paired mesoderm-bands perceptible. The indications of its 
division into segments is equally slight. In Astacus, a grouping 
of the mesodermal elements into paired segmentally -arranged 
coelomic vesicles was found by Keichbnbach only in the alxiomen 
at quite a late stage, when the abdominal limbs had already begun to 
form. In the anterior region of the body, coelomic vesicles evidently 
do not develop, the body-cavity at this part having the character of 
a pseudocoele. 

Besides the usual mesodermal cells, Reichenbach found, in the mesodermal 
mdiment, smaller cells whose protoplasm exhibited a peculiar foam-like structure 
(Fig. 62, m, and Fig. 82 Ay sm, p. 161), and which contained several very small 
deeply staining nuclei. These, which were defined by him as elements of the 
9Mondary mesoderm^ are said to originate by a process of endogenous cell- 
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forraation* in the oiitoderm-cells of the venti-al wall of the gasti-ula-yeaicle. 
These secondary mesoderm -cells disappear later, and Reich enbach holds that 
they are transfonued into blood-corpuscles. A similar secondary mesoderm has 
been observed by Isphikawa in Atyephyra^ and by Lebedinsky in Eriphia^ 
and further by Herrick in Alpheus and Homanis. 

E. Schizopoda. 

The formation of the gerui-layers in the Schizopoda is best illus- 
trated by the observations of J. Ncsbaum on Mysis chamaeUo (Nos. 
38 and 39). Cleavage is here discoidal (c/. p. 116). The first 
cleavage-nucleus attains an entirely superficial position, and yields, 
by division, a rounded germ-disc, corresponding in position to the 
ventral side of the egg and the later posterior end of the body. 
Even from the earliest stages, the germ -disc can be seen to be 
composed of two layers. The more superficial of these two layers 
spreads out more and more, finally covering the whole egg as a 
delicate blastoderm, while the cells of the inner layer pass into 
the food-yolk, become distributed within it, and are an essential 
factor in its disintegration, engulfing the yolk and digesting it like 
amoebae. These so-called vitellophags are commonly said to take 
no part in the later formation of the embryo ; it is, however, possible 
that, at a later stage, they form blood-corpuscles. 

After the complete development of the blastoderm, the position 
of the former germ-disc is still indicated by a thickening which 
soon diflferentiates into three lobes. Two lateral lobes grow out 
anteriorly to form the lateral paired halves of the germ-band, while 
the unpaired, median and somewhat posterior lobe must be con- 
sidered as the caudal or dbdoininal rudiment (Fig. 77 A, p. 153). 
In this latter region, below a transverse furrow which must doubtless 
be referred to an ingrowing caudal fold, the entoderm arises by 
delamination from the cells of the inner layer. The mesodenn, on 
the contrary, is said to arise from the ectoderm along the whole 
length of the paired lateral halves of the germ-band, either by the 
division of individual blastomeres, the inner portions of which shift 
into the mesoderm-layer, or else by the immigration of complete 
blastomeres. In the Naupliu8 stage, the mesoderm-layer thus formed 
shows not only a distinct arrangement into paired mesoderm-bands, 
but a division of the same into separate segments; the formation 
of coelomic sacs, on the other hand, has never been observed. 

* [Recent research on cell-division has shovn that most of the cases in which 
cells are said to arise by endogenous cell -formation can be differently interpreted. 
The whole theory of endogenous cell- formation is indeed very improbable. — £d.} 
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Assuming that the foregoing observations are correct, the most 
striking feature in the development of Mysis, apart from the absence 
of the gastrula-invagination,* is the relation of the entoderm to the 
food-yolk. The rudiment of the entoderm here remains in close 
connection with the germ-band (Figs. 65, ew, Z, and 66, Z), and does 
not enter into any closer relations to the food-yolk, except at the 
close of development, when it grows round the yolk to form 




Fio. 65. — Loiigitadinal section (some- 
what lateral) through the Nauplins 
stage (c/. Fig. 77 C) of Myris (after 
Xu<<baum) a', first antenna ; a", 
second antenna ; d, food-yolk ; ec, 
ectoderm ; en, entoderm ; k, germ- 
band; If rudiment of the liver; 
ndf mandible ; og^ rudiment of the 
optic ganglion. 



Fio. 66.— Transverse section through a somewhat 
older stage of Mysis (after Nusbaum). d, food- 
yolk; ec, ectoderm; g, rudiment of the ventral 
ganglia ; I, hepatic rudiments ; ms, mesoderm. 



the mesenteron. The disintegration of 
the food-yolk is here not achieved by 
the actual entoderm-cells, but by the 
vitellophags above mentioned. We are none the less led by a 
comparison with Astacus and Palaemon to see, in both these 
elements, constituent parts of the entoderm. Even in Astacus^ it 
was evident that the cells of the ventral wall of the entoderm- 
vesicle took little part in the assimilation of the food-yolk. From 
this region, especially from the point lying immediately upon the 

* According to Wagner, of whose treatises only the second has come into 
oiir hands, the gastrula-invagination appears, in Mysis^ to be represented by 
an ingrowth of cells in which, later, a fissure -like cavity appears (No. 49). 
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blind end of the hind-gut (Fig. 63 B, ep\ the development of the 
definitive wall of the mid-gut proceeds in the Decapoda {cf. below, 
p. 174). In Palaemon^ on the other hand, it was observed that 
not all the entoderra-cells to be found in the food-yolk rise to its 
surface, to take part in the formation of the epithelium of the 
mid-gut, but that individual cells remain within the yolk and are 
later absorbed. We thus see here the beginning of a differentiation 
of the entoderm into two parts, a plastic portion taking part later 
in the development of the mesenteron and a transitory portion, the 
cells of which function solely as vitellophags. A similar condition 
of the entoderm will be found repeatedly in other animals, especially 
among the Insecta. 
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Fio. 67.— Surface view of the egg 
of Ligia oceanioa, at the stage in 
which the germ-layere appear (after 
NcsBACiiX en, point of ingrowth 
of the entoderm; k^ blastodenn- 
nuclei; m, paired points of in- 
growth of the mesoderm. 



Fio. 68.— Two transverse sections through the germ- 
disc of Ligia oceanioa (after Nosbaum). A^ trans- 
verse section through the anterior region, on the 
level ab in Fig. 67. B, transverse section through 
the posterior r^iou on the level od, Fig. 67. i*, 
yoIk-cells ; ee, ectoderm ; en, entoderm ; m. Meso- 
derm; e, central depression of the germ-disc 
(blastopore). 



F. ArthroBtraca and Oumacea. 

Xusbaum's observations on the development of the Mysidae are 
closely connected with his studies of Ligia oceanica (No. 85a), and 
afford to a certain extent a key to the comprehension of the formation 
of the germ-layers in the former group. Here also, after the 
development of the blastoderm is completed, a thickening is found 
corresponding to the future ventral side; this is the germ-disc, 
which soon shows signs of breaking up into three parts (Fig. 67). 
The two anterior paired portions represent the areas of formation 
of the mesoderm (Fig. 67, m), while the posterior unpaired 
thickening (ew), in which, especially at the centre, very active 
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ingrowth of cells takes place, yields the elements of the entoderm 
{cf. the cross sections, Fig. 68 A and B). The processes here revealed 
are easily connected with the type of germ-layer formation found in 
Astacua. The posterior unpaired formative zone of Ligia is com- 
parable with the entodermal area (Fig. 60, ES) in Astacus, which 
becomes invaginated later, and anteriorly to which is found the zone 
of formation of the mesoderm {BM), The latter, in Asiacus also, 
according to Keighbnbach, shows, even in early stages, a distinct 
bilateral symmetry in the distribution of its elements. In Ltgia, 
these are found distributed in two paired areas of formation corre- 
sponding with the two halves of the later germ-band. In what way 
the formation of the actual germ-band out of these zones proceeds is 
not known in detail. We may, however, assume that the elements 
of the mesoderm shift anteriorly below the ectoderm, and that the 
part of the ectoderm lying above them thickens. In any case, later 
stages of Ligia and Cymothoa afford a distinct proof that the zone 
of formation of the mesoderm just described must be considered as 
answering to the posterior end of the future germ-band. For, in the 
Nauplius stage of Ligia (Fig. 69), behind th# third pair of limbs (5), 
and situated anteriorly to the rudiment of the anal aperture (a), 
there is found a formative zone {k) for the posterior end of the body 
ivhich develops in this region. This formative zone already consists 
of two layers (ectoderm and mesoderm), the cells of which, by 
division, have yielded a transverse row of large formative cells lying 
posteriorly in front of the anal aperture (a); the arrangement of 
these cells into transverse and longitudinal rows, both in the 
ectoderm and the mesoderm, is exceedingly regular. According 
to Patten {QwaH. Journ, Micro. Scu, Vol. xxxi,, 1890, p. 371), in 
each of the transverse rows on either side, in Cgmothoa, lie four 
mesoderm-cells (Fig. 70, ^rw), by whose increase in number in the 
anterior and more advanced segment-rudiments, the mesoderm of 
the whole segment is developed, in such a way that the descendants 
of the three lateral cells become connected, while the fourth more 
medianly placed cell unites with the corresponding cell of the other 
half of the body to form a common complex. This unusually regular 
arrangement of the cell-material in the developing segments of the 
posterior part of the body, recalls the very similar conditions observed 
by Claus in the same region of the embryo of Branchip^is, On the 
other hand, the arrangement of the mesoderm-cells in a longitudinal 
row running forwards through all the segments, calls for comparison 
with conditions observed in the Oligochaeta by Wilson, and more 
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recently by Behgh (Vol. i., p. 294, note). The symmetrical growth 
of the luesodenn-bands appears, however, to prove that in Ligia and 
Cymothoa^ the two original formative zones of the mesoderm 
correspond in position to the posterior end of the future germ-band. 
We may therefore suggest that this is the case in Mysis also, and 
that the two lateral lobes of the germ-disc above-mentioned answer 
to the paired zone of formation of the mesoderm. In this case we 
might assume that the entire mesoderm of the germ-band arises by 
proliferation which starts from this formative zone, and not, as 
NusBAUM assumes for Mysis, by a kind of delamination from the 
inner surface of the ectoderm of the germ-band. 
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Fio. 69.— Germ-band in the iVow- 
plius stage of Ligia oceanica 
(after Nusbaim) a, anus ; h, 
entoderm-lobes (hepatic rudi- 
ments) ; 0, optic-lobes ; 1, S, S, 
first, second, and third pair of 
Nauplius lirnbg ; ol, upper lip ; 
fc, formative zone of the seg- 
ments. 
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Fio. 70. — A portion of tlie segment-forming zone of the 
germ-band in Cymothoa (after Patten). A, median 
longitudinal section. B, inner aspect of the i>osterior 
end of the germ-band (Fig 69). On the right the three 
lateral cells of the mesoderm-layer are omitted, tc, 
ectoderm ; ma, mesoderm. 



In Litjia and in the Isopoda generally, there is only a small 
number of yolk-cells, which play the same part as those of Mym, 
These separate in early stages from the lower layer of the embryonic 
rudiment, wander into the yolk, as vitellophags take part in its 
disintegration, and finally disappear. The actual entoderm does 
not here pass into the yolk, but forms a paired mass of cells, which 
remains in close connection with the germ-band and soon becomes 
arranged in two halves (Fig. 69, A). As to the way in which the 
future mid-gut is formed out of these rudiments, Nusbaum's account 
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is not very clear. The two rudiments unite in the anterior part of 
the embryo, and there form the wall of the mid-gut; two channel- 
like processes also grow out posteriorly ; these are open and concave 
towards the yolk, and convex externally, and are closely applied to 
the germ-band ; they are the rudiments of the primary hepatic tubes, 
which only at a later stage divide into four by longitudinal constric- 
tion. The rudiment of the mid-gut is covered posteriorly and 
dorsally by the mass of yolk. This latter, as the entoderm-cells 
increase in number by division, becomes completely surrounded by 
the epithelium of the mid-gut, and in this way this rudiment which, 
in the younger stages, was open dorsally, becomes gradually closed. 
Ihe mid-gut rudiment in Ligia, as in Porcellio^ is fairly large, 
whereas in Oniscua it seems to be limited to the hepatic outgrowths 
and the parts of the intestine lying immediately adjacent to their 
openings. 

The method of formation of the germ -layers which has been described by 
NusBAUM for Ligia may, perhaps, be fairly common among the Isopoda, 
although our knowledge of these processes is still too incomplete to enable 
us to form a decided opinion on the subject. One of the fornjs in wliich the 
origin of the germ-layers is best known is (hiiscus. Here also the blastoderm 
is said (Bobretzky, No. 80) to arise by discoidal cleavage, although, i)erhaps, it 
may belong to our Type III. b (p. 115).* That region of the surface at which the 
blastoderm first ap|)ears is hei-e also, as in Mysis and Ligia, indicated, at a later . 
stage, by a rounded thickening, the geinn-disc, Tliis corresponds with the future 
ventral surface of the embryo, and jrields the geim-band. The formation of 
the germ -layers (as in Ligia^ but without previous demarcation of the meso- 
dermal and entodermal areas) is commenced by an immigration of cells at the 
centre of the germ -disc. The gastrula-in vagina tion is here replaced by a simple 
ingrowth of cells, by means of which the germ -disc becomes multilaminar. 
While its outer layer is transformed into the ectoderm of the genn-band, tlie 
inner layer yields the mesoderm and the entoderm. Bobretzky (No. 80), 
to whom we owe tiie first comprehensive description of the development of 
Oniscus, observed that from the inner layer 'single cells wauder into the food- 
yolk, traverse it, and by increasing in number within it, bring about by a 
kind of secondary cleavage the disintegration of the yolk (Fig. 71, hy). These 
cells are said to represent the entoderm, and later, like the cells in the yolk 
of PalaemoTif to give rise to the mid-gut (especially to the liver). The cells 
of the intermediate layer which remain close to the germ -disc are, on the 
contrary, said to represent the mesoderm (Fig. 71, in), Nusbaum has recently 

* This view is also in agreement with the observations of Roule (No. 92), 
although these latter are far from clear. According to this author, a superficial 
layer of cells forms in Porcellio; this increases by the addition of new protoplasmic 
elements from the yolk. The nuclei in this layer of cells are, however, said to 
arise spontaneously. This blastoderm, which Roule calls an ectoderm, first 
api^ears in the anterior part of the embryo, spreads back from here over the 
ventral surface, and finally also spreads over the dorsal surface. The inner 
mass of food-yolk, enclosea by this cell-layer, is assumed by Roule to be the 
meao-entoderm. 
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Opposed this view (No. 85), maintaining that the yolk-cells, which, further, 
immigrate not merely from the germ-disc, but from the whole circle of the blas- 
toderm, take no part in the further structure of the embryo, but merely function, 
as in Mysis and Ligiaf as vUelloph<igs. According to Nusbaum, the actual 
entoderm in Oniscus originally lies, united with the elements of the mesoderm, 
in the inner layer of the germ-disc, soon, however, becoming arranged into 
two lateral masses of cells, which fuse and form the mid-gut i-udiment, as well 
as the hepatic diverticula (Fig. 71 B^ li). In OniscuSy the two primary hepatic 
diverticula seem to develop before the mid-gut ; a band-like entoderm -rudiment 
starts from the cell-masses above mentioned, and bends round on each side to 
form a hepatic diverticulum ; these two imite at a later stage, when a short 
mid-gut develops. In Poreellio, on the contrary, according to Bbinhard 
(No. 91), the mid-gut forms before the hepatic diverticula become marked 
off. The two primary hepatic diverticula divide later into four by longitudinal 
constriction. It should be noted that the mid-gut in Oniaais, as generally 
in the higher Crustacea, is restricted to a very short tract near the openings of 




Fio. 71.— Two longitudinal sections through the embryo of Oaiscut murarius (after Bobretzky. 
from Balfour's Text-book). A, younger, B, older stage, do, dorsal organ ; hy^ food-yolk 
with yollc-cells ; ht, rudiment of the heart ; li, liver ; m, mb, mesoderm ; ol, upper lip ; 
pr, proctodaeum ; sg, brain ; st, stomodaeum ; vg, ventral nerve-cord ; zp, rudiment of the 
gastric teeth. 

the hepatic diverticula, the larger portion of the alimentary canal arising from 
the stomodaeum and the proctodaeum. During these processes of development, 
the layer of mesoderm-cells spreads regularly below the lengthening germ-band, 
and enters into the nidiments of the limbs. It must be mentioned, however, 
that according to Wasiljeff (see Grosglik, No. 84), the mesoderm, in Oniscus, 
breaks up into somites. 

Considerable agreement will be found in this description of the formation 
of the germ -layers in Ligia and Oniseus, which rests chiefly on Nusbaum's 
observations, and is supported by Bullae's work on Cynwthoa (No. 81), 
and the results obtained by Pekeyaslawzewa (Nos. 70 and 71) and Ros- 
sijskaya (Nos. 72 and 73) with the eggs of various Amphipoda {Qammanu 
poeciluruSf Orehcstiaf Caprella^ SunamphiOwif Amphitho€). The elements 
of the entoderm here arise from an immigration of separate blastomeres 
into the deejier layers ; these, after dispersing temporarily in the food-yolk, 
soon become arranged into two lateral entoderm -bands, which first appear in 
the anterior part of the embryo and join to form the tube of the mid-gut. 
The primary hepatic diverticula form as outgrowths of the mid-gut, the two 
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noon dividing into four. The process in Caprella and SunaniphithoM differs 
in so far that, in these genera, the rudiments of tlie hejiatic tubes become 
differentiated before the rest of the mid-gut. In this res|)eGt the above forms 
resemble Onisais. The mesoderm, on the contrary, is said to aiise at a com- 
paratively late stiige in the rudiments of the individual limbs, by a kind of 
delamination from the ectoderm (?). 

The Gumacea agree most nearly with the Isopoda in the formation 
of the germ-layers, the position and form of the germ-band, and of 
the dorsal organ. In them, discoidal cleavage gives rise first to 
a rounded disc, which gradually grows over the surface of the 
eg:g. Before, however, the blastoderm is completely formed, a pro- 
liferation of cells at the centre of the disc takes place, leading 
to a massing of the cells beneath the blastoderm. In these inner 
cells, two layers, mesoderm and entoderm, are soon discernible. 
These processes are very similar to those described by Bobrbtzky 
for Oniscus, The two lower layers then spread along a band-like 
area on the ventral side of the e^^ the area in this way developing 
info the embryonic rudiment or "germ-band." The latter is not 
confined to the ventral side, for its anterior and posterior ends soon 
spread over the dorsal parts of the egg. At the same time a mass 
of cells, known as the "dorsal organ" (p. 150), develops on the dorsal 
side. In all these ontogenetic processes the food-yolk apparently 
takes no active part. At first, also, no cell-elements are perceptible 
in the yolk, but after the germ-band has developed, isolated crescent- 
sliaped cells, each enclosing a granule of yolk, appear within it. 
There are also quite isolated, large, finely granulated cells in the 
food-yolk. These cells do not appear to assist in any way in the 
development of the mid-gut, and their function is still uncertain. 
In later stages (when the limbs develop) the food-yolk has been 
observed to break up into large spheres (H. Blanc, No. 35). 

G. General Consideratioiis. 

We have first to consider the position of the blastopore. If, in 
this respect, we institute a comparison with allied groups of animals, 
especially with the Annelida (see Vol. i., p. 265, the closing of the 
blastopore in Eupomatus\ we should similarly be inclined to regard 
as the blastoporal region in the Crustacea the whole area lying 
between the mouth and the anal aperture. Such an extension of 
its position is indicated, however, in the ontogeny of only a very 
few forms; for example, in the fissure-like primitive mouth of 
CetoehiluSy which closes from before backwards (Grobben, p. 121), 
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and in the forward extension of the point of ingrowth of the 
entoderm in Ligia (Fig. 67, p. 136), between the two mesoderm- 
germs. In by far the greater number of cases, the observations made 
suggest that the blastopore corresponds in position to the posterior 
end of the germ-band, and perhaps to the anal aperture which forms 
later. We must here, however, bear in mind the extreme shortness 
of the first embryonic area (germ-disc) in many Crustacea, and 
imagine that as this short rudiment developed to form the longer 
germ-band, elements which originally lay in the region of the closing 
blastopore came, through the changes in position that take place 
during growth, to lie more anteriorly, so that, perhaps, the blasto- 
pore in the Crustacea ought to be regarded as having a greater 
extension forward than is usually claimed for it. 

If we consider that the position of the future posterior end of 
the body and the vegetative pole of the egg is indicated by the 
closing of the blastopore, we should then (taking into account 
the conditions in the Annelida) assume for the position of the 
anterior end, the rudiment of which is distinctly indicated by the 
development of the cephalic lobes (optic lobes), the diametrically 
opposite point of the periphery of the Qg^. Such a position is 
only, however, approximately gained by the cephalic lobes in a 
few cases (e.g., Moina, Fig. 58 C7, ft, s, p. 124, and Cetockilus). In 
eggs rich in yolk, the cephalic lobes and the blastopore belong to 
the same hemisphere of the egg, and lie more or less close to one 
another (see Fig. 61, p. 129, where the anterior end of the body is 
indicated by a star). It is thus evident that, within the egg, the 
rudiment of the future ventral surface is much shorter than that 
of the dorsal side, or, in other words, the dorsal side of the 
embryo seems considerably swollen by the deposit of masses of 
food-yolk, and is correspondingly retarded in its development The 
food-yolk sphere thus lies excentrically with relation to the longi- 
tudinal axis of the developing embryo, being shifted dorsally. 
Comparison with the Vertebrata, where the blastopore lies dorsally 
and the food-yolk shifts to the ventral side, is in many respects 
instructive (p. 118). 

When we come to consider the manner in which the germ-layers 
develop, taking first the origin of the entoderm, we find that only a 
few forms, with eggs comparatively poor in yolk, show a primitive 
condition which can be compared directly to the method of develop- 
ment among the Annelida. Here again Cetochilas must be mentioned 
first, as showing an archenteric vesicle arising by invagination which. 
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after the blastopore has closed, probably becomes transformed direct 
into the rudiment of the mid-gut. Moina, and perhaps also Lucifer 
and PenaeiiSy seem to approach Oetochilus in this respect. On the 
whole, the formation of the entoderm by invagination is fairly common 
among the Crustacea. In other cases — Arthrostraca, Mi/sidae, Cuma- 
cea, Cirripedia (?) — an invagination does not occur, the entoderm 
appearing as a solid ingrowth of cells (Fig. 68 B, p. 136). 

Important and characteristic variations in the fate of the mass 
of entoderm-cells are to be found in the development of Crustacean 
eg:gs rich in yolk. In those processes by which the rudiment of 
the mid-gut with its hepatic diverticula becomes diflferentiated, the 
relation of the masses of food-yolk to this rudiment produces a 
marked influence. At the beginning of development, after the 
blastoderm has formed, the blastocoele appears filled with food-yolk. 
As a consequence, when gastrulation commences, the nutritive yolk 
lies outside the archenteric vesicle in the so-called primary coelom. 
Later, however, the rudiment of the mid-gut is, as a rule, developed 
in such a way that it contains within it the whole of the food-yolk. 
A change has thus taken place in the relative position of the 
rudiment of the entoderm and the yolk. This change may take 
place in three diflerent ways in the Crustacea, giving rise to three 
different types of development of the mid-gut, which may be charac- 
terised as follows: — 

L DeYelopment of the mid-gut through the filtration of the 
food-yolk, e.g.y in Astaciis (Fig. 63, p. 131). The food-yolk which 
lies in the primary coelom is gradually taken up into the entoderm- 
cells. When this process is completed, the secondary yolk-pyramids 
having developed, the nuclei of the entoderm-cells shift to the 
surface of the yolk, where, with the protoplasm surrounding them, 
they form the epithelium of the mid-gut, within which the whole 
mass of yolk is ultimately situated. The typical feature of this 
process is that the archenteric cavity formed by invagination 
persists throughout development, the lumen of this vesicle passing 
into the lumen of the future mid-gut. The entoderm-cells, further, 
never lose their epithelial continuity. The food -yolk, originally 
lying outside the entoderm-vesicle, first enters the wall of this 
vesicle and finally passes into its lumen. This method of forma- 
tion of the mid -gut, of which Astacus is the only case known, 
appears to stand quite alone ; it is of all the greater interest as 
affording a key for the comprehension of the two other types of 
development. 
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-n. Development of the mid-gut by the interpenetration of the 
food-yolk, e.g., Palaemon (Fig. 64, p, 132). The cells of the gaatrula 
that arise by invagination here very soon lose their epithelial con- 
tinuity, the archenteric vesicle itself apparently disappearing in this 
process. The entodermal elements, in the form of amoeboid wandering 
cells, pass separately into the yolk and traverse it, finally becoming 
arranged at its surface to form the epithelium of the mid-gut. It 
is evident that in this case also the direction in which the entodenn- 
cells move is the same as in Type I. The difference between the 
two types consists in the fact that in the type we are considering, 
the wall of the archenteron temporarily loses its continuity. So as 
to deduce this type from the last, we should have to imagine that, 
in consequence of the small number of the entoderm-cells and the 
greater volume of the yolk, the intervals between the entoderm-cells^ 
as they shifted apart during the increase in size of the archenteron, 
became so great that the epithelium could not retain its continuity. 
The temporary independence of the entodermal wandering ceUs 
appears, however, to have afforded a simplification of the process 
of development, by means of which the commencement of immi- 
gration into the yolk was made possible at an earlier stage. Tliis 
second type of development seems to be very common among the 
Crustacea. It is found in most Decapoda, and apparently also in 
the eggs of many Entomostraca which abound in yolk (those of 
the Cirripedia, Copepoda, Cladocera). We shall also find it in 
many other groups of Arthropoda, e.g., LimvJiis, the Araneae, etc 
During the process of wandering through the food-yolk, the scattered 
entoderm-cells frequently give rise to a secondary demarcation of 
the yolk into the cell-areas; this has been called yolk-deavage, but 
has, of course, no connection with actual cleavage, which must be 
regarded as concluded when the blastoderm has developed. 

ni Development of the mid-gut by circomcrescence of the 
food-yolk, e.g., Mysis and Ligia (Fig. 66, p. 135). Here, as in 
the preceding type, individual cells become separated from the mass 
of entoderm-cells (which, in forms belonging to this type, always 
arises by solid ingrowth); these separated cells enter the yolk and 
become scattered, within it. They do not take any part in the later 
structure of the mid-gut; as vitellophags they assimilate food-yolk 
and either become disintegrated later, or else, perhaps, persist as 
blood-corpuscles. The chief mass of entoderm-cells, however, does 
not join in this immigration, but remains near its place of origin at 
the surface of the yolk, and changes later into two paired, disc-shaped 
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layers of entodenn-cells, which lie below the germ-band, and, as the 
cells increase in number by division, spread out gradually over the 
surface of the yolk until they completely surround it. The entoderm 
has here, as explained on p. 136, divided into two parts, one plastic 
and the other transitory. We may further recall that in Type II. 
also, not all the wandering cells scattered through the yolk came 
to the surface (p. 132) to take part in the formation of the mid-gut 
epithelium, but that some of them remained in the yolk and finally 
disintegrated. Such cells evidently correspond to the vitellophags 
in this type. The actual key to the processes here described is to 
be found by a close examination of the method of development 
already described for Astacus, We have shown (p. 129) that the 
cells of the entoderm-vesicle in Astacua do not participate alike in 
the absorption of the food-yolk. Those of the dorsal half are most 
concerned in this process, while those of the ventral half are less 
affected by the filtration of the yolk. It is from the latter cells^ 
however, that the formation of the definite mid-gut at first proceeds. 
We find first, near the blind end of the proctodaeum, a plate of 
entoderm- cells (Fig. 63 B^ ep), which already shows the distinctive 
characters of the mid-gut epithelium, and has a certain tendency 
to overgrow the other unmodified j)arts of the entoderm. A 
precisely similar entoderm -plate is also developed in Type II. 
(Fig. 64 Cj ep\ so that there also some of the entoderm-cells 
scattered in the yolk show greater plastic capacity than the rest 
We thus find here a beginning of a division of labour which is 
completely developed in Type III. (c/. p. 136). To Type III. 
belong the Mystdae, the Arthrostraca, and the Cumacea (1). This 
type is found also in other divisions of the Arthropods, modified 
in various ways ; it is met with, for instance, in the Scorpiones and 
in the Insecta. 

MesodeniL Only in the small egg of CetochUus does the meso- 
derm arise from paired primitive mesoderm-cells. In most Crustacea 
the rudiment is from the first multicellular. Among the many 
accounts of the origin and position of the mesoderm in the various 
groupe of the Crustacea, its first appearance (in the Decapoda) at 
the anterior part of the lip of the blastopore may be regarded as 
a comparatively primitive process, from which it is possible to 
deduce the process described for Ligia (p. 136), and, through this 
form, perhaps, that in many other Crustacea. 

It is a striking fact that there is very little tendency in the cells 
of the mesoderm from the very first to form regular layers. Mere 
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indications of an arrangement into a paired band and a segmentation 
of such a band can be found. Here again we are reminded of Liffia 
and Gymothoa. Only a few slight observations are recorded as to 
the appearance of metanieric coelom-sacs; these have already been 
alluded to (pp. 122, 133, and 140). As a rule, the body-cavity of 
the Crustacea develops like a pseudocode as a system of irregular 
lacunar spaces within the mesoderm. The more these spaces extend, 
the greater must be the interval between the surface of the body 
and the mass of food-yolk enclosed by it The cavity of the coelom 
is, as a rule, filled with fluid ; though it should be mentioned that 
NusBATJM found masses of food-yolk filling the spaces in the anterior 
part of the embryo of My sis. 

4. Developinent of the External Form of the Body. 
A. Entomostraca. 

In Entomostraca whose eggs are poor in yolk, the embryos often 
hatch at an early ontogenetic stage (as Nauplii); here the form 
of the larval (Nauplius) body evolves very gradually from the 
spherical shape of the egg. As the egg lengthens, the boundaries 
of the separate segments of the Nauplius body appear as transverse 
constrictions, while the limbs arise as outgrowths of the surface of 
the body (Fig. 72 -4), in which both the ectoderm and the subjacent 
cell-mass of the mesoderm take part. These processes are to be 
observed in the embryos of BranchipuSy free-living Copepoda and 
Cirripedia, and also in certain Cladoceran embryos distinguished by 
the paucity of food-yolk (MoinOy Grobben, Fig. 72). In the embryos 
of those forms which pass the Nauplim stage within the egg, when 
the posterior body-segments develop and the embryo thus lengthens, 
a dorsal curvature of these segments takes place (Apiis produduSy 
Brauer; Moi7ia, Fig. 72 B and C, Grobbbn). In these cases, the 
rudiment of the cephalic carapace or shell («) can be made out early 
as a folding of the dorsal integument at a point corresponding to 
the maxillary region. 

The development of the embryo in the yolk-laden eggs of many 
Cladocera (e.g., Daphnia longispina, Dohrn, No. 10, and LepiodorOy 
P. E. MtLLER, No. 12) pursues a different course. In these 
embryos, a certain contrast between the embryonic rudiment which 
lies primitively on the ventral side of the egg and the doreally- 
placed mass of food-yolk is recognisable. This distinction is still 
more evident in the embryos of parasitic Co^Depoda (Fig. 73 A and By 
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Eathke, No. 89, and Van Beneden, No. 17), in which a short 
ventral germ-hand is already clearly distinguishable from a dorsal 
mass of yolk. 

With regard to the order in which the body-segments develop, 
the general rule is that the nidiments of the most anterior segments 
appear first, while from a budding zone at the posterior end of the 
body, but in front of the terminal or anal segment, which develops 
early, new segments are successively formed. The pairs of limbs 
develop correspondingly from before backwards, although some 
variations in the time when the limbs appear are to be found in 




Fio. 72. — Three embryonic stages of Moina recticostris, side view (after Grobbkn), consecutive 
to the stages in Fig. 58, p. 124X A, Nauplius stage. B^ stage with four thoracic limbs and 
the first rudiments of the shell (cephalic carapace). C, stage with five thoracic limbs and 
the two pain of maxillae, a', first antenna ; a", second antenna ; of, anus ; en, entoderm ; 
/A/^'>/^'A etc., first, second, third, etc., thoracic limbs (in C, with the radimentsof the 
branchiae); g, genital rudiment; gh', primary brain; gh'\ secondary brain; m, mouth; 
md, mandible ; ms, mesoderm ; mxf, first maxilla ; nx", second maxilla ; n, nuchal gland ; 
o&, upper lip ; oe, oesophagus ; «, shell ; ach, neural plate ; sd, shell-gland ; 2a, compound eye. 



the different regions of the body. The Nauplius limbs, for instance, 
often appear simultaneously or in quick succession, and the Nauplius 
fitage ia generally distinguished by a period of rest (and frequently 
by the development of a larval cuticle), while the posterior limbs, 
characteristic of the later stages, usually develop in regular suc- 
cession. In the Phyllopoda, where the maxillae are but feebly 
developed, these limbs appear very late, when the embryo is fully 
developed (Fig. 72 B and C, Zaddacjh). 
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B. Arthrostraca and Oumacea. 

In the Arthrostraca, that region of the egg where later the 
embryonic rudiment develops is often indicated, even during cleav- 
age, by the small size of the blastomeres, or by the earlier formation 
of the blastoderm. A germ-disc forms which is at first round, but 
soon spreads out into a germ-band covering the whole ventral surface 
of the egg, and occasionally also extending dorsally over the anterior 

and posterior ex- 
tremities (Fig. 
74 A) The an- 
terior end of the 
genn-band is indi- 
cated by paired 
enlargements, the 
cephalic lobes (Fig. 
69, 0, p. 138), 
from which the 
rudiments of the 
eyes and of the 
brain arise, while 
the germ-band 
itself soon appears 
divided up by 
furrows into the 
separate body-seg- 
ments (Fig. 74 5). 
This segmentation 
and the first ap- 
pearance of the 
pairs of limbs 
takes place from 
before backwards; 
the segmentation, 
however, fre- 
quently occurs almost simultaneously in all regions of the body. 
As the lengthening germ-band has no room for free development, 
a characteristic curvature soon comes about. In the Isopoda, the 
curvature, which is originally dorsal (Fig. 74 B)^ only gives place 
to the reverse curvature at the end of embryonic life, whereas, in 
the Amphipoda, such a ventral curvature appears at an earlier 




Fio. 73.— Three stages in the development of parasitic Copepoda 
(after Van Denkdem). A^ Nanplius stage of BrachitUa Thyttni. 
B, older embryo of Anchorella, with the limbs of the first 
Cyclops stage. C, Cyclops stage of Hessia colorata. a', first 
antenna ; a", second antenna ; d, food-yolk ; en, entodenn (wall 
of the mid-gut) ; *■, germ-band ; m, mandible ; mx, first maxilla ; 
m/', first maxillipede ; mf", second maxillipede ; oe, oesophagus ; 
ol, upper lip ; p', p", first and second pairs of thoracic (rowing) 
limbs. • 
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stage of development, the embryos consequently showing throughout 
embryonic liie a ventral curvature of the abdomen (Fig. 75). 

Although, as a rule, the limbs appear to take their rise almost simultaneously, 
yet in Asdlus^ whose ontogeny exhibits several primitive features, we find a 
Nauplius stage* characterised by the presence of two pairs of antennae and 
the secretion of a larval cuticle (Fig. 74 A), The mouth-parts and six pair 
of thoracic limbs, and, finally, the abdominal appendages appear later (Fig. 




fC 



Fig. 74.— Two stages of development o« Atellut^ teen firom the side (dUgnimmatieX ^t 
Nanpliu$ stage (Van Bbnkdkm). B, older stage (DohrnX a^ first antenna; a'^ second 
antenna ; of, anas ; I, lobe-like appendages ; md, mandible ; mx', first maxilla ; mx", second 
maxilla ; nif, maxillipede ; I-VI, first six pairs of ambulatory limbe ; 1-f , first five pairs of 
pleopoda ; m, month ; x, vitelline membrane ; y, blastodermic cuticle. 

74 By After the rudiments of the limbs have appeared, paired prominences 
form behind the mouth ; these become the rudiments of a bilobate lower lip 
{paraff/uUJia), 

The course of development of the germ-band observed in Asellus is connected 
with that in Li^ by the presence of a distinctly recognisable Nauplius stage 
(Fig. 69, p. 188). The chief point worthy of 
notice in the later development of this form is 
that the rudiments of the thoracic limbs are 
originally biramose (Nubbaum, No. 85a), and 
that the adult limbs arise from these by the 
suppression of the exopodite. This is in har- 
mony with the presence of vestigial exopodites 
on the two anterior pairs of thoracic limbs 
of the Anisopoda, and supports the deduction 
that the Isopoda, and with them of all Arthro- 
straca, arose from ancestors resembling the 
Schizopoda. 

A feature apparently universal in the Isopoda 
is the temporary suppression in the embryo of 
the posterior of the seven pairs of ambulatory 
limbs (thoracic limbs), and its re-appearance in the young only after leaving 

* Former observers failed to find a rudiment of the mandible in the Nauplius 
stage of Aselhis^ but Boas (No. 4, Crustacean Metamorphosis) was able to prove 
the presence of such a rudiment in a few individuals. 




Fio. 76.— Embryo of an Amphi- 
pod (Coropfctuni, F. M'ullkb). 
A', dorsal organ. 
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the egg. Larval integuments like that in the Nauplius of Asellus are of very 
coranion occurrence among the Arthrostraca. 

An apparent exception to the rule that the gemi-band in the Isopoda exhibits 
a dorsal curvature in its early stages is afforded by Cyinothoa (Bullak, No. 81). 
Tlie germ-band, which here lies on the ventral side of the egg, which is very 
large and richly supplied with food-yolk, shows for the greater part of its 
course the same dorsal curvature as that of other Isopoda. Its most posterior 
end (the rudiment of the telson) is, however, bent round ventrally. 

As the germ-band broadens in later stages, its lateral portions grow 
up over the dorsally superimposed food-yolk, and thus give rise to 
the lateral parts of the embryo. The further extension of this 
growth finally leads to the coalescence of the lateral edges of the 
germ-band in the dorsal middle line, whereby the enclosure of the 
mass of yolk within the embryo is completed. It should be noted 
that during this process that part of the ectoderm which formerly 

covered the dorsal accumu- 
lation of yolk is crowded 
into a smaller space, and 
finally degenerates. This 
process has apparently some 
connection with the de- 
velopment in the dorsal 
region of many Arthro- 
stracan embryos of an organ 
discovered by Meissner in 
Gamjuaims and described 
as a mlci'opyle apparatus', 
this was found later in 
many Amphipoda and a 
few Isopoda, and, as the 
spherical or dorscU organ^ 
it has received many dilfe^ 
ent explanations. In the Amphipoda, the dorsal organ appears 
during the dili'erentiation of the germ-band as a dorsal disc-shaped 
thickening of the blastoderm (Fig. 75, K) projecting inwards towards 
the yolk ; when the larval integument develops, this organ adheres 
closely to it. A perforation is formed here (the micropyle), while 
the central parts of the disc form a small cavity by invagination 
(Fig. 76). In later ontogenetic stages, when the heart develops 
below the dorsal organ, the latter degenerates, mesoderm-cells 
wandering in between its cells and apparently taking an active 
part in its disintegration (Rossijskaya, No. 72). 




Fig. 76.— Diagramniatic transverse section through 
the embryo of Cymothoa (after Bulla r, from 
Balfour's Text-book). Below is seen the germ- 
band in cross section, above, the dorsal organ 
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A dorsal organ developed in this way has been proved by F. MCi.lrr to exist 
in many Araphipoda ; also in some Isopoda (Fig. 76) — Cymothoa^ Glaus and 
BuLLAR, No. 81 ; Praniza, DoHRN. An interesting variation is found among 
the Amphipoda in the genus Orchestia, where the dorsal organ originally 
develops on the lateral edge of the germ-band, and only later shifts towards the 
median dorsal line (Uljanin, No. 75 ; Rossijskaya, No. 72). 

Another method of development of the dorsal organ is seen in Onisctis 
(DoHRN, No. 83 ; Bobretzky, No. 80), where the cells of a large area thicken 
to form a saddle-shaped plate adhering closely to the larval integument (Fig. 71 
A, do, p. 140). This plate, in the further course of development, becomes more 
and more separated, by an infolding of its margin, from the embryo, with which 
finally it is connected only by a thin, hollow column. The plate, when this 
connection is lost, undergoes disintegration. A similar dorsal organ is found 
in Ligia (Fr. MCller, No. 4 ; Rosalie Nusbaum, see J. Nusbaum, No. S9, 
p. 168). 

A dorsal organ similar to that in the Amphipoda has been observed in the 
Ciimacea (Dohrn, No. 36). In Alysis it is originally paired (Fig. 77, d). The 
paired disc-like thickening found in Tanais (Fr. MCller, No. 4) connected 
with the larval integument, might also be thus interpreted. Among the 
Decapoda, the doi-sal organ is found in a reduced condition in Crangon 
(Kikgsley, No. 53), and perhaps (?) also in Fandalus and Falinurus (Dohrn, 
No. 45), as well as in Homanut ( Herri CK, No. 50). 

Among the various explanations given of this organ, the one originated by 
Fr. MCllbr (No. 4), and put forward later in more detail by Grobben (No. 11), 
has met with the widest acceptance. According to these authors, the dorsal 
organ is the vestige of a once functional adhesive structure, equivalent to the 
nuchal gland {neck-glaiidf Fig. 72 C, n), which is still functional in the young 
stages of the Phyllopoda and is there sometimes retained throughout life. Such 
a nuchal gland was also found by Grobben and Urbanowicz in Copepoda 
[CyclopSf Ergcuilu8\ and by Grobben in Euplvausia, Although this homology 
appears very probable, we do not think it entirely established. It is possible, as 
already mentioned, that the dorsal organ is merely the expression of the com- 
plication of the blastodermic covering of the food-yolk caused by the lateral 
growth of the germ-band. This complication would then be expressed by an 
invagination in the Amphipodan type, and by a nipping off in the Oniseus type. 
These processes are perhaps analogous to the formation of the dorsal organ in 
the Insecta. 

Among those structures which have often been homologised with the dorsal 
organ, are the paired lobe-shaped appendctges (Fig. 74, I) of the Asellus embryo. 
The true significance of these latter was first explained by Glaus (No. 82) by a 
comparison with his observations on the young stages of Apseudes. In Apseudes, 
in the maxillary region, there are two wing-like integumental folds ; these are 
the rudiments of a shell which spreads over the small respiratory cavity, and 
under which the palp of the anterior maxilla and the vibratile epipodial lamella 
{xa^wgTuUhiU) of the maxillipede come to lie. In Asellus the shell-fold is 
reduced to a triangular rudiment which (Rathke, No. 88) may function as an 
embryonic gill. 

The Anisopoda just mentioned (Tanais, Apseudes), in the conformation of their 
embryos, most resemble the Isopoda, having in common with them the dorsal 
curvature and the absence of the seventh pair of thoracic limbs. In other 
respects, they more nearly approach the Gumacea, all the alxiominal limbs except 
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the last (sixth) pair beiDg still wantiDg when the young animal is hatched 
(Fr. MCller, No. 4 ; Claus, No. 78). It has already been shown (p. 151) that 
the paired diso-like thickenings observed by Fr. Mt)LLBR in the Tanais embiyo 
are probably to be referred to the dorsal organ. 

The embryos of the Cnmaoea also, through the absence of the seyenth pair of 
thoracic limbs, and the presence of a dorsal organ (resembling that of Cfifmoihoa) 
are allied to the Isopoda. As in the Anisopoda, the embryo when hatched 
possesses only one (the sixth) pair of abdominal limbs. 

G. Leptostraea, Schizopodm Decapoda. 

There are two factors which, as a rule, influence the ontogenetic 
development of these group& (1) The food-yolk which, in most 
cases, is present in very considerable quantities, and which determines 
the size of the egg and the entirely superficial extension of the 
embryo in the first stages ; (2) the gradual development of the long 
germ-band out of an originally short rudiment consisting of a few 
segments (distinctly marking the Nauplius stage). 

Nothing further is known of the presumably very primitive condition shown 
in the development of the larval body of those genera which leave the egg in the 
Naupliua form {Euphatma, Penaeus, Lucifer), 

We may take the ontogeny of Mysie as the starting-point of our 
description, following chiefly £. Van Bbnbdbn (No. 37) and 
NusBAUM (No. 39). The eggs of Mysia develop (as in the Cumacea 
and Arthrostraca) in a brood-sac covered by horizontally -placed 
lamellae (oostegites) of the thoracic limbs. The first development 
of the embryo appears at the point from which the formation of the 
blastoderm originated, and which corresponds to the future ventral 
surface. The formation of the blastoderm is commenced by the 
development of a rounded disc, the germ-integument, which ultimately 
spreads over the surface of the egg; a later stage shows a similar 
rounded blastodermic thickening (the germ-disc) which represents the 
first embryonic rudiment. This soon breaks up into three lobes, 
the middle one representing the rudiment of the caudal region, and 
the paired lateral lobes the rudiments of the germ-band. The latter 
soon grow forward as two diverging bands, from which the rudi- 
ments of the Nauplius limbs bud out as rounded prominences 
(Fig. 77 A), The broadened anterior ends (o) of these halves of the 
germ-band correspond to the cephalic lobes of the Entomostracan and 
Arthrostracan germ-bands. As they give rise exclusively to the 
rudiments of the compound eyes and the optic ganglia, we shall 
give them the more precise name of optic lobes. On either side 
of the short germ-band, between but somewhat above the first and 
second pairs of antennae, lies the disc-shaped paired rudiment of the 
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Fio. 77. — Five embryos of Mytis (after Nusbaum). J, yoangest Naupliu$ stage. B^ older 
Ifauplius stage in profile. C, ^TaupIiiM after the disappearance of the vitelline membrane, 
in three-quarters profile. Z), later Naupliut stage with the Nauplius integument (n). E, 
larra with thoracic limbs, a', first antenna; a", second antenna; c, vitelline membran 
dj dorsal orffan ; md^ mandible ; n, Nauplius integument ; o, optic lobe ; p, rudiment of the 
compoond eye ; s, caudal region. 
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dorsal organ (d). The plate-shaped rudiment of the caudal region 
(«) is bounded anteriorly by the transverse depression (abdominal 
fold). The latter soon becomes covered over by the posterior end of 
the body (Fig. 77 B, s), which grows forwards to form the caudal 
fork. In this way the NaupUus stage, with the tail region bent over 
ventrally, is reached (Fig. 77 B). 

After this stage has been reached, the vitelline membrane is 
thrown off, a new cuticle (the Nauplius integument) being secreted 
simultaneously. The embryo now lies free in the brood-cavity, 
surrounded somewhat loosely by the Nauplius cuticle. The abdomen 
has meanwhile lengthened and straightened out (Fig. 77 C), and 
becomes more and more filled with food-yolk evenly distributed 
within it, while the whole body finally assumes a distinct dorsal 
curvature. We can now (as in the Arthrostraca) distinguish a ventral 
germ -band from the dorsally-placed mass of food-yolk. The latter, 
especially in the cephalic region, swells considerably. The posterior 
parts of the embryo become distinctly segmented. The mouth- 
parts and the thoracic limbs appear simultaneously (Fig. 77 A 
the rudiments of the abdominal limbs following in a later stage. 
During these changes the disc-shaped dorsal organs have coalesced in 
the dorsal middle line, and, as an invagination takes place there, they 
are here, both in position and form, comparable with the dorsal organ 
of the Amphipoda. 

The embryo of Nebaliaf according to Metschnikoff's account (No. 33), 
strongly resembles in form that of Mysis. Here also we have the ventrally 
flexed NaupUus stage, a.s well as a lengthening and dorsal curvature taking 
place after the shedding of the vitelline membrane. The presence of a dorsal 
organ has, however, apparently not yet been observed in this form (p. 252). 

The embryos of the Decapoda differ from those of Mysis chiefly in 
the position of the parts of the body ; the ventral curvature which at 
first characterises the Nauplius of Mysis (i.e., the ventral flexure of 
the abdomen) is here retained to a much later stage until the larva ia 
hatched, this being connected with the much later rupture of the 
egg-envelopes. In other respects the ontogenetic processes are very 
similar. In Astacvs^ of whose development a very detailed account 
can be compiled from the researches of Rathke (No. 63), 
Lereboullet (No. 58), Bobretzky (No. 41), and Reichenbach 
(Nos. 64 and 65), after the blastoderm has developed, the first 
embryonic rudiments are perceptible as five thickenings consisting 
of a simple layer of cells (Fig. 78). The anterior pair of the 
thickeniogs {K) corresponds to the optic rudiments of i/y«w, and 
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may here also be described as optic lobes. The posterior pair of 
formative centres (TA), which lie nearer one another, answer to the 
unpaired caudal rudiment of Mysis, But, since here not only the 
segments of the abdomen, but thoracic segments as well have begun 
to form, these discs may be called the thoraco-abdomincU rudiments. 
The most posterior unpaired disc is the entoderm disc (ES). Anteriorly 
to this there is a point where active proliferation yields cells which 
spread out below the blajStoderm-layer, this is the formative zone of 
the mesoderm (BM). While, by processes already described in detail 
(pp. 128, etc.), the invagination of the entoderm-disc and the gradual 
closing of the blastopore take place, the thoraco-abdominal rudiments 
come together to 
form an unpaired 
plate(Fig.79,T.4), 
in the middle of 
which the procto- 
daeal invagination 
(A) is soon percep- 
tible. The anterior 
margin of this plate 
then becomes more 
sharply marked 
by a transverse 
depression (the 
caudal fold), 
which, in the fur- 
ther course of de- 
velopment, sinks 
deeper, sloping 
obliquely back- 
ward. The tho- 
raco-abdominal 
plate grows forward round and below this depression, forming 
the long posterior portion of the body; this is curved ventrally 
and closely applied to the other embryonic rudiments (Figs. 80 and 
63 B, p. 131). 

While these processes are going on in the posterior half of the 
body, active growth takes place on each side in a band connecting 
the optic lobes with the thoraco-abdominal rudiment (paired rudiment 
of the germ-band), which finally lead to the development of three 
pairs of limbs (Nauplius limbs. Fig. 79). These are the mandibles 




Fio. 78.— Part of the surCaee of an egg of Astacus fluvicUilUt with 
embryo beginning to form (after Reichexbach, fh>ni Lang's 
Text-book). BM^ formative zone of the mesoderm; BS, ento- 
derm-<li8c; JT, cephalic lobes (optic lobes); TA^ thoraco* 
abdominal rudiments. 
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and the two pairs of antennae, the former, according to Bobretskt 
and Reiohenbagh, appearing somewhat earlier than the latter. The 
middle region between these rudiments long retains the character of 
an undififerentiated blastodenn ; in the anterior region, however, an 
unpaired swelling arises as the rudiment of the lahrum (/), and 
behind it the stomodaeal invagination^ while, mesial to the rudiments 
of the limbs, the pairs of ganglia belonging to them {ga^ gm) are 
recognisable as ectodermal thickenings. The Nauplius stage thus 
attained marks a natural period in the ontogenetic development of 

Astacus, this being 
also indicated by 
the appearance of a 
larval integument 
(Nauplius cuticle). 

It should be noted 
that, in the Nauplim 
stage, the different 
parts of the embryo 
lie nearer one another 
than when they first 
arise {cf. Figs. 78 and 
79 drawn to the same 
scale). Such an ap- 
proximation of the 
rudiments in the em- 
bryo at these stages 
appears universal in 
the Decapoda. 

The Naupliust^^ 
in other Decapods 
develops in the same 
way as in Adaeus. 
The embryonic nidi- 
ments, however, in 
most cases, only a{»- 
pear after the closing 
of the mouth of the gastnila ; there is then found, in the immediate neigh- 
bourhood of the closed blastopore, an unpaired rounded prominence, in which 
the rudiment of the posterior end of the body can be discerned ; this is not» 
as in Aslacm, paired. In the LoriccUa, according to Dohrn (No. 45), as in 
AstacicSt this may be described as the thoraco-abdominal rudiment, whereas, in 
other cases, it seems to give origin exclusively to the abdominal segments. This 
rudiment soon shows wing-like outgrowths running forward, and establishing 
connection with the o])tic lobes which in the meantime have made their appear- 
ance. The rudiments of the Nauplius limbs then appear in the neighbourhood 
of these connecting strands. 
A transverse projection connecting the posterior parts of the optic lobes 




Fig. 79.— Embryo of Astacus flvviatilis in the Naupliits stage (after 
Reichekbach, froui Lang's Text-book). A (above), mdiinent of 
eye; Oj, first, and a,, second antenna; O, cerebral ganglion; 
gaj, ganglion of the antenna ; gm, ganglion of the mandible ; 
m, mandible ; I, upper lip ; TA, thoraco-abdominal mdiment ; 
A Oying in TA)j anus. 
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becomes the rudiment of the labnim, behind which the stomodaeal invagination 
soon appears. The latter, as a rule, lies in the space between the first and second 
pairs of antennae, but Kingslky has specially emphasised the post-oral position 
of the first pair of antennae in Crangon, Paired swellings arise near the 
posterior margin of the oral aperture ; these are the rudiments of the paragnatlia 
or bilobed lower lip. 

The later stages (Figs. 80, 81, and 83) are characterised by the 
further growth of the thoraco-abdominal rudiment, which soon breaks 
up into segments, and also by the development of the posterior pairs 
of limbs which appear from before backward. At the same time 
the typical biramose character is found in the anterior limbs which 
were the first 
to develop, as 
well as a seg- 
mentation cor- 
respondingwith 
the developing 
joints (for the 
number and 
shape of the 
limbs of the 
hatching em- 
bryo, which . 
vary greatly in 
the different 
groups of the 
Dccapoda, see 
below, p. 257 : 
Metamorphosis 
of the Deca- 
poda). The 
optic lobes gain 
in independ- 
ence, bulging 
forwards and 

gradually rising from the surface below them, so that the club-like 
shape of the stalked eye can be recognised in the rudiment (Fig. 81). 

The posterior part of the body undergoes important alterations. 
There is here an early separation of the terminal or anal segment 
(Figs. 80, 81, T) from a budding zone composed of large cells which 
lies in front of this segment (in the embryo, however, owing to the 
forward curvature of the tail, further back). The anal aperture is 




Flo, 80.— Bmbryo of Attacm Jlnviatilis, with the tliorocic feet 
b^inniog to form (after Rkichkkbach, from Lako's Text-book). 
Aj eyes; a,, a,, first and second antennae; ab, abdomen; ^, rudi- 
ment of the brain (procerebrum+antennal ganglion); go, optic 
ganglion ; 2, upper lip ; ni, mandible ; mz^, mx^, first and second 
maxillae; T, telson; t,, f„ thoracic limbs; f^, tj^, niaxillipedes ; 
t«, fg, ambulatory limbs; ts, rudiment of the thoracic shield. 
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originally formed on that surface of the terminal segment which 
afterwards becomes the dorsal surface, later it shifts into the space 
between the two lobes into which the terminal segment soon divides, 




— Sit 



Fig. 81.— Embryo of Astaais fininatUis with the rudiinentfi of all the limbs (Pig. 8S. P- ^^' 
(after Reichekbach, from Lanq's Text-hook). The thoraco-abdomen, which in reality currea 
forward ventrally, is cut off and laid back, orf, autennal gland ; ab, abdomen ; ^4. fl"^ P" 
of ambulatory limbs (chelate feet); t^-t^, second to fifth pair of ambulatory limbi; Titewo . 

ami through this space gradually reaches the later venti^al side, ana, 
in this way, its final position. 

Immediately behind the thoraco-abdominal rudiment, at the poiQ 
where this is connected with the rest of the body, in later stages, an 
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accumulation of mesoderm-cells is discerned, forming the first rudi- 
ment of the heaH (Figs. 63, 64, A, pp. 131, 132). 

In early stages the thoraco-abdominal rudiment is surrounded by a 
"dear area hounded externally by closely contiguous blastoderm-cells. 
The latter soon become raised so as to form a fold which is specially 
distinct in its lateral parts ; this is the first rudiment of the thoradc 
shield (Fig. 80, is). The clear area thus referred to is the rudiment 
of the branchial cavity. 

A remarkable strticture lying like a dorsal disc on the embryo and called the 
**carapax" has been described in the early stages of Atyephyra by Ischikawa. 

The development of the Decapoda is principally characterised by 
the fact that the whole mass of food-yolk is confined to the anterior 
part of the dorsal side of the body, while the thoraco-abdominal 
rudiment is free from yolk. Even in late stages, in which the form 
of the hatching animal is already quite distinct, the cephalo-thoracic 
portion appears swollen up by food-yolk until almost spherical. 

Formation of the Organs. 

Our knowledge of the development of the different organs in the 
Crustacean embryo is still somewhat limited. The Decapoda are in 
this respect best known to us from the researches of Bobrbtzky 
(Xo. 41), Eeichbnbagh (Nos. 64, 65), and Kingsley (No. 52-55). 
Besides these we have the observations of Ntjsbaum (No. 39) on 
Mijsis, of BoBRETZKY (No. 80) and Nusbaum (No. 85) on Oniscus, 
of Grobbbn (Nos. 11 and 21) on Moina and CetochihiSy of Claus 
(Nos. 8 and 9) on Branchipus, Apus^ and others. 

A. External Integument. 

As the superficial ectoderm of the embryo yields on its external 
surface the chitinous skeleton of the larva, it gradually acquires the 
character of the hypodermis or the matrical layer of this skeleton. 
It has been recently proved by T. Tullberg that, in the Lobster, the 
origin of this chitinous skeleton may be traced back to a direct 
transformation (chitinisation) of the body of the cell. It is an 
interesting fact that the hypodermal cells not only are able to change 
into chitin at their external ends, which are directed to the body 
surface, but that occasionally even their basal portions are similarly 
modified. Thus Eeichbnbagh observed that, in Astacus, single 
hypodermal cells lengthen inwards and grow out into chitinised 
strands and pillars which function partly as supports for the carapace, 
and partly as points of attachment for the groups of muscles. In 
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individual cases it is often impossible to distinguish between these 
ectodermal ingrowths and true connective tissue. This inner 
chitinous supporting tissue belonging to the ectoderm was found 
by Claus (No. 9) very richly developed in Branchipus. 

B. Endoskeleton. 

A further development of internal chitinous structures is brought 
about by infolding and invagination of the external integument 
In this way are developed those tubular chitinised ingrowths which, 
as affording attachment for the more important muscles, have been 
called chitinous tendons, and some of which even, as was proved for 
the mandibular muscle of Astacua (Baur), are renewed at ecdysis. 
A striking development of chitinous tendons of this kind, formed 
from ectodermal invaginations (Rbichbnbach), is found, as is well 
known, in the penultimate joint of the pincer in Astaais fiuviaiUis. 
The inner sternal skeleton (endophragmal system) which bridges over 
the thomcic ganglia in Astacus develops in a similar manner, as a 
series of invaginations of the external integument (Bobrbtzky, No. 
41), by a process of infolding of the inner wall of the branchial 
cavity and of the sternal surface of the thorax. Nusbadm (No. 85) 
was able to observe in Oniscus the origin from paired lateral invagi- 
nations of a similar chitinous diaphragm covering over the chain of 
ganglia in the thorax. A hemispherical, chitinous articular fold also 
arises as an ectodermal invagination in connection with the movable 
eye of the Cladocera and of most Branchiopoda (Grobbbn). 

0. Neryons System. 

Although probably belonging to a common rudiment,* the supra- 
oesophageal ganglion (brain) and the ventral chain of ganglia must 
be separately dealt with. The whole of the central nervous system 
arises as an ectodermal thickening. Even in early stages, paired 
ectodermal thickenings can be recognised on the inner side of the 

* Most authors agree that, in the Cnistacea, the rudiment of the brain, from 
its first apiMjarance, is connected with the primitive swellings of the ventral 
chain of ganglia by means of paired ectodermal thickenings (nidiments of the 
oesophageal commissures). This view, however, has been opposed. Urbanowicz, 
for example, found that in Cyclops (No. 23) the brain and a suboesophageal 
ganglion originate independently, and only become connected later oy the 
development of the oesopliageal commissures. This observation cannot, however, 
be considered as affording direct proof of Kleinenbreo's views as to the original 
independence of the rudiments of these two parts of the central nervous system 
(Vol. i., p. 288), for it is easy to understand that the nidiments of the more 
massive parts of the central nervous system should become earlier perceptible as 
ectodermal thickenings, while those of the more delicate i>arts (c.y., of the 
oesophageal commissures) arc only visible at a later stage. 
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rudiments of the limbs ; these represent the rudiments of the paired 
ventral ganglia belonging to the individual segments. The consecutive 
pairs of ganglia are, however, connected by thickened ectoderm-bands, 
the rudiments of the longitudinal commissures, so that we may 
regard two longitudinal ectodermal swellings (the " Primitivwilfste" 
Hatschek, Fig. 82, pw) as the first rudiment of the ventral chain of 
ganglia ; these show segmental swellings (rudiments of ganglia), and 
are separated by the primitive groove (pr). In the later stages of 
development (Fig. 82 B), in the region of the primitive swellings, 
the ectoderm is seen to be composed of several layers, an outer 
one, which now is changed into the hypodermis (h) of this region, 
being separated from the ihner layers. The latter now, as lateral 

A , 

sin 

3 




Fig. 82. — Development of the ventral chain of ganglia in Asincui ^utn«Ui7ts (after Reichsnbach). 
J, crosa section through the nandibular segment of an embryo in which the maxillipedes 
have already appeared. £, cross section through the ganglionic rudiment in a maxillary 
segment of an embryo in which the maxillipedes have already developed, a", cross section 
of the second antennae ; M, connective tissue covering over the inner side of the ganglionic 
rudiment; ee, ectoderm; «n, entoderm; /. bandle of fibres in cross section; g^ large 
ganglion-cells ; A, hypodennfs ; m, invagioated me<lian strand of the ganglionic rudiment ; 
nu, mesoderm ; pr, primitive groove ; pio, primitive swelling of the ganglionic rudiments ; 
«, lateral strand ; «m, secondary mesoderm. 

strands («) represent the rudiment of the ventral cord. Reichenbach, 
on whose description of the development of the nervous system in 
Asfaciis our account chiefly rests, was able to prove that, in the 
formation of each pair of ganglia of the ventral cord, there enters, 
besides the corresponding portion of the lateral strands, a median 
invagination (m) ; this is to be traced back to the primitive groove, 
and is known as the median strand. Tliis agrees with the discoveries 
of Hatsohek in connection with the origin of the ventral chain of 
ganglia in the Insecta. 
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The lateral strands are originally composed of simple embryonic cells. In 
later stages, however (Fig. 82 £) their stnicture is found to be more complicated, 
a cross section revealing three constituent parts. The first commencements of 
the formation of nerve-fibres (/) can soon be made out in the innermost (or 
basal) portion ; these run as two longitudinal bundles below the lateral strands, 
and are connected with very fine processes of those cells of the strands which 
become changed into ganglion cells. Besides these paired bundles of fibres, there 
is. in the rudiment of every pair of ganglia, an unpaired mass of nerve-fibres 
which perhaps arises from the median strand and gives rise to the transverse 
commissures. The lateral strands at an early stage become invested with a 
layer of mesodermal tissue ; this covering, according to Reichenbach, repre- 
sents the neurilenmia, and penetrates not only into the ganglia, but even into 
the central mass of fibres. The appearance of masses of fibres at the inner 
or basal side of the lateral strands has ])robably the significance of an onto- 
genetic recapitulation of a primitive condition, in which the whole nervous 
system was an epithelial structure, with tho masses of fibres developed on 
its inner or basal side. 

Even in quite early stages, Reich knbach could distinguish, in the nidinients 
of the ganglia, larger and smaller cells of varying histological character. This 
distinction is also evident in the fully developed condition. The larger elements 
(Fig. 82 Bf g) give rise to the so-called large ganglion -cells in the central nervous 
system of Astacus. Similar large cells were observed by Nusbavm even in early 
stages in Mysis. In the later stages, massive accumulations of pigment hare 
occasionally been found in the ventral ganglia ; these are probably deposited in 
mesoderm-cells. Instances of this are to be found in the ganglion which is 
connected with the sixth pair of appendages of Crangon (Kinosley), and in the 
thoracic ganglia of Mysis (Nusbaum). 

Rbichrnbach's view as to the participation of a median invagination in the 
fonnation of the chain of ganglia has since received only partial confirmation. 
Nusbaum, indeed, observed it in Mysi% and Guobben thought that it could be 
assumed for Moina. Claus, however, denied that a median invagination took 
part in the formation of the ventral cord in Branchipiis, On the other hand, 
Nusbaum recently recognised the presence of the median strand in Isopoda 
{Oniscus, No. 39), in which group Bobretzky (No. 80) and Bullab (No. 81) 
described the origin of the ventral cord from an unpaired thickening which only 
at a later stage divided into symmetrical halves. 

With regard to the development of the peripheral nerveSt Reichrnbach 
(No. 65) and Claus (No. 9) have shown that it is probable that these do not 
originate as outgi-owths from the rudiments of the central nervous system, but 
that they appear as distinct ectodermal thickenings at a time when the whole 
nervous system is still connected with that layer. The transverse coramissur«« 
which are double in each segment in Branchipus arise in a similar way, according 
to Clavs (No. 9). 

In tracing the development of the brain or eupraoesophageal 
ganglion, we must first study Rbichenbach's minute descriptions of 
its origin in Astacus (No. 65). According to this author, the whole 
central nervous system of the pre-oral part of the body arises in the 
form of three pairs of ganglia, equivalent to one another and belong- 
ing to three separate body-segments (Fig. 83). The most anterior 
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of these ganglia, which develops in the proximal portion of the 
eye-stalk, yields the optic ganglion (o', o"\ while the remaining two 
belong to the first and second pairs of antennae and enter into 
the formation of the brain proper or supraoesophageal ganglion. Of 
these last, that lying in the segment of the first antenna (antennvJe) 
very soon becomes divided by a transverse constriction into a pair of 
ganglia (a, fc), the anterior of which (a) we will distinguish by 
Packard's name of itrocerehrum, while the posterior, since it gives 
ofif the nerve to the first antenna, has been called the antetmular 




Fio. S3.— Eiribryo of Astajcxis fluviatilis with the rudiments of all the limba (after Reich knbach). 
a. anterior, 5, middle, e, posterior portion of the rudiment of the brain ; ab, abdomen ; an,\ 
first antenna; an", second antenna; d, maudibalar ganglion; mrZ, mandible; m«', first 
maxilla ; wx", second maxilla ; mft mf\ m/"\ first, second, and third maxillipedes ; o, rudi- 
uieot of the componnd eye; o'. the part of the optic ganglion which has arisen fl*om the 
optic invagination ; o", inner part of the optic ganglion ; ol, upper lip ; r, rudiment of the 
Tofitrain ; t, telson ; tfc, fold of the thoracic shield ; I-F, first five lairs of ambulatory limbs. 

'ganglion {h). It should be mentioned that Rbicbenbach believed 
that he observed, in late stages, a similar transverse division of the 
posterior pair of ganglia which give off the nerves to the second 
-antennae, and are therefore called the antennal ganglia (c); this 
latter division, however, is not so striking, and also not of the same 
significance as the division which takes place in early stages between 
the procerebrum and the antennular ganglion. 

It is an important fact that the pairs of ganglia just described 
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show, according to Reichenbach, in their development, great agree- 
ment both inter se and with the ganglia of the ventral cord. In 
each of these pairs of ganglia we can distinguish lateral strands and 
a median strand ; the lateral strands, in cross section, are seen to be 
broken up into three parts, as are the ganglia of the ventral coi-d. 
The median strand, however, varies in different regions. In the 
region of the optic ganglion, the two halves of the median strand 
shift far apart, and enter separately into connection with the corre- 
sponding ganglia. In the region of the procerebrum and the 
antennular ganglion, on the other hand, is found that median 
invagination of this strand which doubtless leads to the develoi> 
ment of the commissural portions of the brain. In the region of 
the antennal ganglion, again, there is no median invagination. 
Reiohenbach believes that this invagination has shifted forwarxls 
and is represented by that established between the antennular 
ganglia. If, however, we believe that the transverse commissure 
between the antennal ganglia was originally post-oral, and is perhaps 
still to be looked for in such a position (Claus, No. 78), wo shall 
not be surprised at the absence of the median invagination between 
these ganglia. In later stages, the invaginations of the median 
strand are no longer distinct from one another in the region of the 
procerebrum and the antennular ganglion, a closer union between 
the different parts of the brain being then generally apparent The 
procerebrum, according to Reiohenbach, gives origin principally ta 
the "anterior cerebral swelling," while the antennular ganglion is 
connected with the development of the "lateral swellings" (Kribger, 
Dibtl). 

These observations of Reicbenbach are to a certain extent in 
agreement with those of Kingsley, who found in Crangon, apart 
from the optic ganglia, three consecutive pairs of ganglia taking 
part in the formation of the brain. The most anterior of these 
(the procerebrum) Kingsley, however, regarded from the first as an 
independent structure, it alone being originally pre-oral and homo- 
logous with the supraoesophageal ganglion of the Annelida. The 
two pairs of ganglia which follow (the antennular and antennal 
ganglia) are, when first developed, post-oral in position, and must 
thus be considered as ganglia of the ventral cord drawn into the 
cephalic region. 

The above observations lead us up to the question of the primary segmentation 
of the pre-oral portion of tlie head in the Crustacea. Rkichbnbach, wi 
whom also Nusbaum (No. 39) is In essential agreement, has been led by l"* 
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ontogenetic researchea to assume for this region of the body three component 
parts, homonomous with the other body-segments ; these are the optic, the 
antennular, and the antonnal segments. In the optic segmenit the optic ganglia 
wonld represent the segmental pair of ganglia, while the general position of the 
parts in the Astacus embryo incline Reichknbach to return to the old view of 
Milnf.-Edwards, according to which the eye-stalks represent the limbs of this 
segment. This last view, which subsequently found supporters in Huxley and 
Spence Bate,* has, however — and, as it appears to us, rightly — been disproved 
by Claus and Fr. MOller, by reference 
to the ontogeny of the stalked eye of the 
Phyllopodan larva {Bratichipus) and of 
the Zo<ua of Lucifer, which indicates 
that the eye-stalks are to be regarded as 
secondarily abstricted lateral portions of 
the head which have become indepen- 
dently movable, while the optic-ganglion, 
as a part of the brain shifted anteriorly, 
also attains only a secondary independ- 
ence. These conclusions remove all 
ground for assuming the presence of an 
independent optic segment. 

With regard to the segment of the 
body corresponding to the second pair of 
anUnjiae, there can hardly be any doubt 
that we here have to do with an origin- 
ally post-oral body -segment, ».«., with a 
tnie trunk-segment, which only second- 
arily underwent displacement forwards, 
and thus attained a closer union with tlie 
pre-oral parte of the head. This view is 
supported by the changes brought about 
during embryonic development in the 
relative positions of the mouth and the 
second antennae (p. 157), and above all 
by the condition of the nervous system, 
in which are to be found all transitions 
between the independent development of 
the pair of ganglia on this segment and 
their close fusion with the cephalic mass. 
It has been known, since the observations 
of Zaddach, that, in ApuSy the origin of 

the pairs of antennal nerves is to be sought post-orally in the oesophageal com- 
missures, and later researches (Pelseneer, No. 14) showed the ganglia at this 
point to be connected by means of a post-oral transverse commissure, although 
this has to some extent been otherwise explained. Similar conditions are found 
in other Phyllopoda. Thus, in Claus' drawing of the brain of a Cladoceran 
(Fig. 84), three sections can be distinguished, only the two anterior being 
pre>oral in position. The most anterior section (c^, corresponding to Packard's 

* [See also C. Herbst, Uber d. Bcgeneration v. antennenahnlichen Organcn 
an Stelle v. Augen, Archiv. f Entwlckl, Medtaniky Bd. ii., 1895-96, p. 643 ; 
and B. Hofer, Ein Krebs mit ciuer Extremitiit statt eines Stielauges, Verh, 
Deut, Zool, Oesell., 1894, p. 82.— Ed.] 




Fig. 84.— Ventral aspect of ttie brain of 
Daphnia »imtKs(after Claus). c^, aDterior, 
c*-*, middle, o3, posterior section of the 
brain ; go, optic ganglion ; n, nerve of the 
sensory organ of the neck ; na\ nerve of 
the flrst antenna; na", nerve of the 
second antenna ; n ', second nerve of the 
second antenna; sc, oesophageal com- 
missure. 
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procerebi um) gives off the nerves to the eyes and to the frontal and other sensory 
organs, the second section the nerves to the first pair of antennae (na'), while 
the posterior section (r*), which lies on the course of the oesophageal commissure 
(sc) behind the oesophagus, sujtplies nerves to the second antenna (na*). Among 
otlier Crustacea, the autennal ganglion undergoes more or less displacemeut 
forwards along the commissure and a subsequent fusion with the brain. The 
acceptance of this view of the alterations in position is attended with a certain 
amount of difficulty owing to the course of the transverse commissures (origin- 
ally running behind the oesophagus) connecting this pair of ganglia. The following 
alternative is offered us : either to suppose that a secondary pre-oral transverse 
connection is developed, or to assume that the transverse fibres, after the ganglia 
have completed their wanderings, retain their original course behind the oeso- 
phagus. Claus (No. 78) believes that this primary connective retains its original 
position in the adult, and he would identify as that structure the transverse 
post-oral connection between the oesophageal commissures, which is found in 
many Crustacea {Apscudes^ Stomatopoda, Decapoda), l3?ing in front of the 
mandibular ganglion. In other cases, this fibrous connective is perhaps fust<l 
with the transverse commissure of the mandibular ganglion. 

The question now arises whether we ai*o justified in considering the part 
of the brain lying in front of the antennal ganglion as an originally single 
complex, or whether, in this also, a seiuiration into (two) consecutive segments 
can be recognised. "We must here mention Ray Lankester's theory (No. 15;, 
which distinguished in the Crustacean brain an anterior section connected with 
the optic ganglion under the name of archicerebrum, this only being enlarged 
into a syncerehrmn when the ganglia of two following segments (tlio antennular 
and autennal segments) are drawn into it. This view has been accepted by 
Packard (No. 86), who distinguishes in the brain of AscUtis as sejiarate 
sections: (1) the optic ganglia, (2) the procerebrum, (3) the antennular ganglia, 
(4) the antennal ganglia. In this case, we should have to find the homologue 
of the Annelidau brain, which develops out of the neural plate, in the pro- 
cerebrum alone, while the optic ganglia would be a secondary jxirtion of the 
brain* arising during the later development of the paired lateral eyes, and 
the antennular and antennal ganglia would be ganglia of the ventral conl. 
This view stands opposed to that of Clai's (No. 78), according to which the 
antennular ganglia, together with the procerebrum, formed an originally single 
complex, the primitive brain. This iwrtion, which is to be deduced from tlie 
neural plate of the Annelidan larva, contains the ganglia of the former median 
sensory organs (Nauplius eye, frontal organ) and the anterior antennae, which 
arc morphologically to be homologised with the Annelidan palps already con- 
nected with the neural plate. This latter view would be supported by the 
observations of Reicheniiach, according to which the i*udiment of the corre- 
sponding part of the brain is originally to be found as a single complex at 
the bases of the first antennae, and only later breaks up into two pairs of 
ganglia. A certain amount of support is also afforded by the peculiar structure 
of the firet antennae, which, as carriers of important sensory organs, do not 
develop in accordance with the fundamental type of the Cnistacean limb, a 
jwint specially emphasised by Claus and Boas. Such a heteroraorphous 
structure of the antennule might, indeed, be secondarily acquired, and might 
be accounted for by its physiological significance already mentioned, as well as 

* A view first enunciated by Hatschek (Beitrjige zur Entwickelungsgeschichte 
der Lepidopteren), and later accepted by Grodben for the Crustacea. 
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by its position at the anterior end of the body. The views of Ray Lankkster 
and Packard are suj^ported most strongly by Kingsley's statements con- 
cerning Crangon (No. 55) : not only was the proeerebrum observed to originate 
independently of the antennular ganglion, but the antcnnules and their pair 
of ganglia were found in a distinctly post-oral ]x>sition. In accepting this 
view we should have, indeed, to assume, with Ray Lankesteh, a backward 
wandering of the mouth. We must, however, await further researches as to 
the stnicture of the Crustacean brain, and above all, as to the development of 
the whole region now under consideration, before forming a decisive judgment 

It is evident that, in a discussion as to the primary segmentation of the ante- 
rior region of the Crustacean body, the question of the morphological value of tlie 
first antenna comes to the front. Two alteniatives are presented to us ; we must 
either regard it as a true limb, although somewhat modified in shape, or else, 
with Boas, deny that it has this significance, and consider it only as a stalked 
sensory organ (similar to the stalked eyes). Only in tlie latter case can we 
regard it as homologous witli the primary cephalic tentacle of the Annelida. 
We, however, see many reasons for regarding the first antenna as a tnie body- 
appendage. We have only to recall the similarity between its position and 
development and those of the latter in the embryo, and its use for swimming 
purposes in the Nauplius stage and in many Entomostraca, in which the first 
antenna is sometimes diverted to other purposes {e.g., climbing and sucking). 
It is only in the higher Crustacea that this limb is distinctly set apart as a 
sensory organ. If these considerations incline us to place the first antenna in 
the series of true trunk-limbs, we tlien have to ask whether the vestiges of tlie 
primary cephalic tentacle, so common among the Annelida, are not to be sought 
in some other structure. It is not difficult to assume this significance for the 
so-called frontal sensory organs (Fig. 123, /s, p. 269) found in the young stages 
of many Crustacea as ^Miired peg-like or filamentous processes innervated from 
the proeerebrum. This view gains in probability by a comparison with 
Peripaius, in whose embryos similar blunt processes have been observed, while 
the antennae of Peripattis, accoi*ding to their development and their relation 
to the coelomic sacs, must be considered as modified trunk-limbs. If we held 
this view, to which, naturally, we can only ascribe a hypothetical value, we 
should be led to distinguish, with Ray Lankesteh, three sections in the 
anterior part of the Cnistacean body which contains the brain. There would 
be one actual primary section, originally the only pre-oral section of the body, 
with the procerebnim, the eyes, and the frontal sensory organs, and two sections 
following jwsteriorly, trunk-segments drawn into the head (antennular and 
antennal segments), for which we must assume an originally i)08t-oral position. 
We must, however, once more emphasise the fact, before accepting any one 
of these views, that in discussing these questions we are dealing entirely with 
hypothetical matters. 

D. Sensory Organs. 

Of the details of the development of the unpaired triple Nauplius 
or Entomostracan eye* nothing is as yet known, but mention should 

• According to Claus {KaiserL Akad, IVissensch, Aiiz. jrien, 1891), the 
Nauplius eye is composed of three inverted cup-shaped eyes, in which the 
nerves enter the retinal cells from the side turned away from, while the rods 
are directed towai*d8, the pigment cups. A certain similarity with the median 
eye of the Ai-achnoida is thus brought about. [Beknard (The Apodidae) 
claims to have discovered paired rudiments for the Nauplius eye of Apus. — Ed.] 
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be made of the observations of Leydig and Grobben, according to 
which this eye has a paired rudiment. 

According to Urbanowicz (No. 23), the eye in Cydops is formed 
"of three ectoderm-cells, each of which secretes pigment and becomes 
a refractive sphere." 

The development of the paired compound eye has been best studied 
in the Decapoda (Bobrbtzky, No. 41 ; Reichenbach, No. 65 ; 
KiNGSLBY, No. 52; Hbrrick, Nos. 48 and 49; and Parker, No. 
62). It has also been observed in Mysis (Nusbaum, No. 39}, Paror 
podopsis (BouTCHiNSKY, No. 37a), and Branchipus (Claus, Nos. 8 
and 9). The description of the development of the compound eye 
cannot be separated from that of the optic ganglion. 

The simplest example of the development of a compound eye 
is that of BrancJiipus, The rudiment of the compound eye, as well 
as of the optic ganglion, can here be traced back to a pad-like 
growth of hypodermis, the superficial parts of which become trans- 
formed into the eye, while the deeper parts contain the material 
for the optic ganglion, which is connected with the brain. The 
several layers of cells which represent the rudiment of the eye, and 
which must be regarded as a simple thickening of the hypodermis, 
soon show an arrangement of the elements into a superficial layer 
(which yields the corneal cuticle and the crystalline cones) and a 
deeper pigmented layer for the formation of the retinulae, the latter 
layer being connected with the rudiment of the optic ganglion by 
fibrous strands. In the lateral parts of the whole rudiment there 
soon occurs a histological differentiation of the optic ganglion and 
of the ommatidia which compose the eye, whereas, in the anterior 
and more median portions, a proliferating hypodermis of embryonic 
character (Fig. 85) is retained until a later stage; this constantly 
yields new elements for the enlargement of the whole rudiment. 
Strictly speaking, two budding zones {k'y k'% which are distinct 
from, but in contact with one another, can be distinguished at this 
point ; one of these {k"\ by the production of new ommatidia, adds 
to the size of the eye itself, while the other and more proximal 
{k') yields the elements corresponding to the optic ganglion. During 
these ontogenetic processes, the movable eye-stalks have arisen by 
simple outgrowth from the lateral parts of the head. 

The development of the eye in the Schizopoda and the Decapoda 
is very similar to that in Branchipus. Here also the compound 
eye arises from a thickening of the hypodermis, which from the 
first is in close connection with the rudiment of the optic ganglion. 
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Even in early stages, the outer and anterior part can be distinguished 
as the rudiment of the eye (Fig. 80 A^ p. 157, and Fig. 83, o, p. 163), 
and the inner, posterior part as that of the optic ganglion (Figs. 
80, go^ and 83, o\ o"). The latter is thus, from the very first, in 
close contact, not only with the rudiment of the eye, but, proximally, 
with that of the supraoesophageal ganglion. 

The rudiment of the eye is thus only a part of the ectoderm 
(Fig. 86-4) which becomes multilaminar and produces from its 
superficial layers the cells of the cornea and crystalline cones, while 
the lower layers give rise to the retinulae and the pigment-cells. A 
basal membrane 

secreted on the a^ /[' 

inner surface of ^^ \ 

this hypodermis 
(Fig. 86, m5) yields 
the memhrana lim i- 
tans which bounds 
the eye on the side 
of the optic gan- 
glion. Mesoderra- 
elements are de- 
posited on this 
membrane from 
within, and these, 
in Mysts, yield 

the pigment of the innermost of the three pigment-layers. In 
Mysis, according to Nusbaum (No. 39), differentiation occurs at the 
time when the stalked eye rises from its substratum, the first differ- 
entiation of the onimatidia appearing in that dorsally curved lamella 
which, by its curvature, causes the eye to separate from the food-yolk. 
In this lamella, a very regular arrangement of the cells both into 
horizontal layers and into vertical columns takes place early. The 
horizontal lamination separates the corneal cells from those of the 
crystalline cones, etc. The vertical arrangement gives rise to two 
alternating columns of cells, which we may distinguish as mnmateal 
and intermediate columns. In each ommatcal column, the most 
superficial transverse layer is formed by two corneal cells (Ci-aus, 
No. 78) destined to secrete the corneal lens ; }>elow this comes the 
layer of the crystalline cone, also consisting of two cells. In accord- 
ance with this number of cells, Grenachbr was able to prove the 
origin of the crystalline cone from two separate segments, the 




Flo. 85.— Left eye of a young Branckip^ii^ seen from the ventral 
side (after Glaus), go^ optic ganglion ; X;', budding zone for 
the optic ganglion ; k'\ budding zone for the onimatidia ; m, 
muscle of the eye. 
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boundaries of which can be recognised in the adult crystalline cone. 
The cells in the lower layers of the ommateal column no doubt give 
rise to the elements of the retinulae, but Nusbaum is inclined to 
derive these from the intermediate columns. Claus derives from 
these columns the anterior and posterior pigment -cells which 
surround the crystalline cone in Mysis, The observation of these 
processes is rendered difficult by the early deposition of pigment 
which is to be found within the rudiment of the eye in two layers, 
and in a third mesodermal laver below it. 




Fif). 86.— Sections through the compound eye of the American Lobster {ffomanit americanvs) 
in three stages of development (after Parkrr). A, transverse section tlirough the optic lobe 
in a young stage. Ji, older stage when the optic rudiment (r) and the optic ganglion (go) are 
beginning to be separated by the development of a basal membrane (mb). C, cross section 
of still older stage, c, rudiment of the brain ; go, optic ganglion ; nib, basal membrane ; 
r, rudiment of the eye (retinogen). 

The account here given of the ontogeny of the eye in Mysis resembles that 
given by Herrick (No. 48) in connection with Alpheus, and Parker (No. 62) 
for Jfmiiarus, The optic lobes here develop, by proliferation of the ectoderm, 
into a multilaminar rudiment (Fig. 86 A). (Herrick considers that indifferent 
elements out of the yolk also contribute to their formation). Tliere then takes 
place a separation into a superficial and a lower jjart (Fig. 86 B and C). The 
first layer (retinogen) becomes the nidiment of the eye (r), while that of the 
optic ganglion (go) arises from the cell-mass of the lower layer {gangliogen). In 
later stages tlie two layers are separated by a cuticular basal membrane, through 
which strands of nerve-fibres pass. In the rudiment of the eye itself, which we 
have called the retinogen, the separate ommatidia are said to develop (Herrick), 
the corneal cells forming into groups of two in the most superficial layer, and 
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the crystalline cone-cells into groujM of four in the subjacent layer, while, in the 
lowermost layer, the cells of the retinulae form bundles of seven each, these 
bundles reaching and enclosing the lowermost, pointed ends of the cells of the 
crystalline cone. The separate rudiments of the ommatidia are divided by 
numerous iindiffercntiated ectoderm-cells. 

In this last point the accounts of Parker and Herrigk differ. In Ifanmrvs 
it is said (Parker) that the sex>arate rudiments of the ommatidia lie close to 
one another, and are not separated by any kind of intermediate pillars. Three 
layera can be distinguished ; from the outermost arise the corneal hypodemiis- 
cells and the anterior pigment-cells (distal retinulae), from the median layer 
the cells of the crystalline cone, and from the lowest the actual retinulae.* 

The paired lateral eye of the Isopoda also develops in a similar way. In 
Bullar's account of Cymottioa (No. 81) the inidiraent of the eye stands in close 
connection with that of the optic ganglion. The two proceed from one and the 
same ectodermal thickening. "While the inner layers of this thickening become 
detached for the formation of the optic ganglion which is connected with the 
brain, a superficial hypodermal thickening becomes marked off by a pigmented 
basal membrane. This hypodennal thickening represents the rudiment of the 
eye, in which the sej)arate ommatidia seemed to be marked off from one another 
by a strongly pigmented mantle of cells. The details of the development of 
the ommatidia were not followed in this case. 

In the cases we have hitherto described, the development of the 
eye is comparatively simple, but in Astacus (Keichenbach, Ko. 65) 
and Crangon (Kingslet, No. 52) complication occurs through an 
invagination which forms on the boundary between the rudiment 
of the eye and that of the ganglion. This invagination, which, 
according to Rbichenbagh, is replaced at a certain stage of develop- 
ment by a more solid ingrowth, gives rise to the optic fold between 
the rudiment of the eye and the gangliogen; in this fold an inner 
and an outer layer are recognisable. Although Reichenbach did 
not closely follow the future fate of the optic fold, it appeared 
probable to him that the outer layer enters into the formation of 
the eye and yields the retinular layer, while the inner fold enters 
into the formation of the optic ganglion. It was pointed out, 
especially by Carri^re (No, 44), that in such a method of develop- 
ment of the retinular layer the position of its cells is reversed, their 
basal ends being directed towards the cells of the crystalline cone, 
and their upper ends towards the rudiments of the ganglion, and 
that we must thus assume a later re-arrangement in the retinular 
area, such as takes place among the Araneae, but has not yet 
been observed among the Crustacea. The suggestion made by 
Patten appears to us probable, viz. — that the optic fold has nothing 
to do with the formation of the eye, but merely yields the material 

* [Cf, Parker, G. H., Retina and Optic Ganglia in Decapoda, MUtheiL Stat. 
Zool NeapeL, xii., 1896.] 
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for the enlargement of the optic ganglion. If so, it would correspond 
to the proximal budding point (for the enlargement of the ganglion, 
Fig. 85, k') in the eye-stalk of Branchipv^, This last view has 
recently been accepted by Kikgslby also, who originally thought 
that the layer of the crystalline cones and the retinular layer arose 
from the outer wall of the optic invagination. 

The above view receives its chief support, as CARRikRE pointed out, from 
the position of a pigmented layer of mesoderm -cells, which, according to 
Keichekbach, develops between the outer wall of the optic fold and its 
crystalline cone-layer, and which is, nevertheless, evidently identical with 
the layer of pigment-cells below the basal membrane of the eye, described 
above (p. 169) for Mysis. 

With regard to the significance of the separate parts of the ommatidiam, 
as to which Gkbnacher and Paiten have recently taken opposite views, 
attention should be drawn to Parker's observations, which revealed a con- 
nection of the retinular cells with fine nerve -fibres, while the crystalline 
cone-cells, which doubtless reach to the basal membrane, end at that point 
This is in agreement with the view of Grenacher, who saw in the retinular 
cells the ])ercipient elements, while Patten considered that the crystalline 
cone-cells known as retinophorae were the elements connected with the nerves. 

In the development of the compound eye of the Cladocera, which was care- 
fully described by Grobben (No. 11), special interest is awakened by the 
formation of an integumental fold which grows over the eye, cutting off ft 
hemispherical precorneal space. The movement of the sunken eye is thns 
assisted. Similar conditions are found in Apus^ Estheria, Limnadia. and 
Limnetis. The compound eyes, in these forms and perhaps also in the 
Ostracoda, may be regarded as movable stalked eyes with degenerated stalks 
which have sunk below the surface. Where, as in the Cladocera, au unpaired 
compound eye is found, this must be considered to have arisen by the fusion 
of paired rudiments. 

An avdltory organ was observed by Rbichenbach (Xo. 65) in 
AstacuSy as a dorsal invagination in the basal joint of the antennule. 
Even in early stages, the ectodermal sensory epithelium, which 
probably yields the auditory ridges, is distinguished by the multi- 
laminar and regular arrangement of its cells. Nusbaum (No. 39) 
similarly was able to observe the origin of the auditory sac in 
Myais in the endopodite of the last pair of pleopoda out of an 
ectodermal invagination. 

E. Gills. 

The branchiae first appear as simple outgrowths of the superficial 
body -epithelium (ectoderm), within which lacunar blood-spaces 
traversed by connective tissue-strands develop (Reichenbach). ^^ 
may with some probability regard all the branchial sacs or tubes 
which belong to the outer side of the basal joints of the limbs, 
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and can thus be described as epipodial gills (p. 195), as homologous 
structures throughout the whole of the class Crustacea. We may 
also, perhaps, derive them from the branchial tubes of the Annelida. 
(^n the other hand, it must be pointed out that branchial outgrowths 
develop at other points also, e.^., on the exopodite of the pleopoda 
(Squilla), or on the endopodite of the same limbs {Sinella), os 
dorsal appendages in certain Ostracoda (Astei'ope), as mantle-folds 
in the Balanidae, etc. These naturally cannot be homologised with 
the epipodial gills. The epipodial branchial sacs present in a single 
row in the Phyllopoda are replaced in the Decapoda by three rows 
of branched tubes, which, according to their exact points of attach- 
ment, are distinguished by Huxlbt as lyodohranchiae^ arihrobmnchiae, 
and pleurobranchiae. Instead of these, we find in the Euphatmdae 
and LophogdstiHdae only a single row of dendriform branched tubes, 
so that Clads raises the question whether the three rows of gills 
of the Decapoda may not be derived from the principal branches of 
the Schizopodan gill which have shifted apart. 

F. Intestinal Canal. 

The intestinal canal arises here, as in most groups of animals, 
from three separate rudiments, the fore-gut and hind-gut arising as 
ectodermal invaginations (the stomodaeum and the proctodaeum), 
while the mid-gut is formed from the cells of the entoderm. Whereas 
the two former approach their adult form by a series of comparatively 
simple changes, the development of the latter is brought about by far 
more radical ontogenetic processes, on account of disturbances due to 
the presence of the food-yolk, these processes also varying in the 
different orders of Crustacea. 

There is some variation atnoug the sub-groups of the Ci-ustacea with regard to 
the time of the appearance of the fore- and hind-guts. In the Entomostraca, 
the rudiment of the fore-gut, as a rule, appears fii-st. This is also the ease in 
Asellus, Oammarus, and Mysis^ while, in Oniscus^ the hind-gut develoi)8 first. 
In the Decapoda, the proctodaeal invagination usually appears first, a fact 
connected with the early development of the abdomen. 

The position of this invagination with relation to the closed blastopore is of 
importance. In Maina^ accoiding to Grobben, the point at which the blastopore 
closes corresponds to the oral aperture, while in the Decapoda, it always lies close 
to the future anal orifice. According to Reichenbach, in Aslacus^ it lies some- 
what behind the point at which the anal aperture is forming, as is also the case 
in Aiyephyra (Ischikawa). The opposite, according to Lebedinsky, holds 
trae for Eriphia. Here the proctodaeal hivagination develops behind the 
blastopore. Kingsley, on the contrary, believes that, in Crangoii^ the procto- 
daeal invagination corresponds exactly to the jH)int at which the blastopore 
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closed, this being also maintained ' by Bobretzky for AsUuus and agreeing 
with P. Mayer's account of Eupagurus. Hoek found that, in the free-living 
Copejwda, the point at which the blastopore had closed corresponded to the 
position of the future anal aperture, and Nassonow made the same observation 
in BalamiSy so that, aa a rule in' the Crustacea, the position of the blastopore 
may be assumed to be iu the neighbourhood of the anal aperture (p. 141). 

The time at which the three rudiments unite to fomi a single canal varies 
according to the stage of development at which the larva leaves the egg. In 
the free-living CoiK?poda (Cetochilus\ the intestinal canal is completed at an 
early stage, while in the Decapoda, communication is established between the 
fore- and hind -guts and the mid -gut usually at a later stage. The hiud-gut 
here appears to show its adult structure sooner than the fore-gut. 

We have as yet very little accurate information as to the manner 
in which the midgut develops in the Entomostraca. In Moina, the 
entoderm-cells first form a solid strand, a cross section of which 
reveals a radial arrangement of the cells, but no lumen (Grobbbx). 
In Cefochihis, on the contrary, the entoderm-sac which is formed by 
invagination seems to be transformed direct into the mid-gut. In 
many other Entomostraca, the mid-gut rudiment can be recognised 
as a central mass of cells filled with food-yolk {BcUanuSj Lano, 
Nassonow). In later stages, the nuclei of the entoderm-cells, with 
the protoplasm which surrounds them, migrate to the surface, and as 
the food-yolk is gradually assimilated, the cavity of the mid-gut 
appears within. This is also the case in Palaemon (p. 132). In the 
parasitic Copepoda also, the mid-gut, according to Van Bkneden 
(Xo. 17), appears to develop in this way. The mid-gut, filled with 
food-yolk, is connected at its anterior end with the stomodaeal 
invagination, and at its posterior end with the proctodaeal ii\v»y}- 
nation. 

The development of the mid-gut is best known in the Decapoda. 
In Asfar^tis, where the cells of the entoderm -vesicle absorb the 
whole of the food-yolk, without thei*eby disturbing the conformation 
of the vesicle, the epithelium of the mid-gut arises by the shifting 
of the nuclei to the surface of the yolk-bearing entoderm-pyramids, 
a separation of tlie cells from the food-yolk there taking place; as 
the entoderm-cells increase in number they become arranged into an 
epithelium which now covers the surface of the disappearing yolk 
(p. 130). At the same time, the whole rudiment of the mid-gut, by 
constriction from without, assumes a lobate form. Paired anterior 
lobes form which become connected with the median rudiment of 
the mid-gut, at whose i)osterior dorsal portion can be recognised 
another swelling, the rudiment of the dOrsal caecum of the mid-gut. 
The development of the mid-gut epithelium just described first takes 
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place at the point where the entoderm-vesicle and the rudiment of 
the hind-gut are in contact, and where soon an entodermal epithelial 
plate can be seen (Fig. 63 B^ ep, p. 131). The same has been 
observed at the point from which the formation of the hepatic tubes 
commences. Separate centres of epithelial formation are to be found 
at the anterior, lateral and posterior parts of the mid-gut correspond- 
ing to the anterior, lateral, and posterior hepatic lobes of the adult 
animal; at these points, the epithelium soon grows out to form the 
primary hepatic tubes. The rudiment of the posterior pair of tubes 
seems from the first to be connected with the entoderm-plate described 
above. As the epithelium continues to grow over the rest of the 
entoderin-vesicle, the central part of the alimentary canal arises, 
receiving the efferent ducts of the mid-gut gland (liver) ; this central 
|)art, in the adult, is of no great extent. Its musculature arises by 
the deposition of mesodermal elements. 

The stomodaeal invagination soon becomes divided into a narrower 
oesophageal portion and an inner and more swollen portion, the 
rudiment of the so-called stomach. In the latter can be recognised 
the rudiments of the tooth-plates as epithelial thickenings, and those 
of the gastrolith-sac as two diverticula diverging on the ventral side. 
The young Astactis hatches with two completely developed gastroliths 
(Rbichenbach). The mid-gut becomes connected with the fore- and 
hind-guts only at a late stage. 

The mid-gut develops in a similar manner in those Decapoda in which tlie 
entoderm-sac does not retain its continuity, but breaks up into single cell- 
elements, which become distributed in the food-yolk {Palaemon, EupaguntSf 
Eriphia, Atyephyi-a, Crangon, etc.). In these also, the entodermal elements 
finally rise to the surface, and yield the mid-gut in the way described above. 
Here also the first appearance of this epithelium was observed in contact with 
the blind inner end of the proctodaeal invagination (Fig. 64 C, ep). Three 
pairs of originally distinct hepatic rudiments, however, appear to he added 
to it {Crangori, Kingsley). 

The formation of the mid-gut in the Arthrostraca differs from 
the type above described as occurring in the Decapoda in that here 
the mid-gut epithelium does not proceed from elements scattered 
in the food-yolk, but from a paired lateral mass of cells which lies 
superficially on the yolk and gradually grows round it (p. 139, etc.), 
while within the yolk, vitellophags are found only in isolated 
cases (OntscuSf Nusbaum) ; in other cases (Porcellio, Amphipoda), 
cell-elements are here altogether wanting. By the gradual circum- 
crescence of the yolk from the two sides by the paired entoderm- 
rudiment, the mid-gut vesicle closes, the very large primary hepatic 
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sacs forming by constriction at its sides. These hepatic sacs give 
rise later, by longitudinal constriction, to four or six tube& In 
some cases {Chmrus, Caprella^ Sunamphithoe), the formation of the 
hepatic tubes precedes the development of the mid-gut vesicle. In 
most cases, the chief part of the entoderm is used up in the forma- 
tion of the hepatic rudiment, only a small part entering into the 
formation of the central portion of the intestinal canal. The latter 
is almost exclusively composed of the fore and hind-guts, only 
a short tract in the immediate neighbourhood of the openings of 
the hepatic tubes being entodermal in origin. As diverticula of the 
posterior section of the mid-gut, there arise in Cfammanis (Pkrbyas- 
lawzewa) those paired tubes (urinary glands), the entodermal nature 
of which was recognised even in the anatomical researches of 
Xebebki. The homologising of these urinary tubes with the Mal- 
pighian vessels of the Insecta is on this account inadmissible, the 
latter belonging to the hind-gut, and therefore having an ectodermal 
origin. 

The observations of Bullar (No. 81) on the development of the mid-gut iu 
Cymothoa are in fairly close agi-ecmeut with those of NrsBAUM for Onisens. 
There are, liowever, no so-called yolk-cells here inside the very considerable 
mass of food -yolk ; the formation of the roid-gnt proceeds from the inner 
cell-layer of the germ- band. The first trace of a se]mrate entodermal rudiment 
is found in a paired mass of cells lying somewhat behind tlie stomodaeal 
invagination ; this mass of cells gives rise to three pairs of liepatic tubes. 
At a later stage, a layer of cells connected with the epithelium of the hepatic 
tubes grows over the whole of the food-yolk. The rudinient of the mid-gut 
now consists of the yolk-vesicle thus formed and the hepatic tubes communi- 
cating with it. The anterior end of the yolk-vesicle is connected with the 
stomodaeal invagination. The proctodaeal invagination, on the contraiy, is 
not in contact with the posterior end of tlie yolk-sac, but runs forwaixi over 
its dorsal side so as to i)ass into it quite near the stomodaeal invagination. 
The yolk- vesicle appears now as a ventral diverticulum of the alimentary canal, 
but, as most of it undergoes absorption, it results that here also only quite a 
small part of the definitive intestinal canal near the points of entrance of the 
he{)atic tubes belongs to the mid-gut (c/*. p. 139 on Ligia), 

The above description of the formation of the mid-gut in the Arthrostraca, 
founded on the observations of Bullar, Nusbaum, Perkyaslawzewa, and 
RossiJSKAYA, applies, acconling to Xusraum, to Mysis also (Figs. 65 and 66, 
p. 135). The entoderm here originally lies as a mass of cells in the most 
posterior section of the germ-band (p. 134). The entoderm-cells soon increase 
in number, and spread out over the whole ventral surface of tlie embryo. At a 
later stage they also reach the lateral and dorsal parts, the food-yolk in this 
way becoming surrounded by a layer of entoderm-cells While this circuui- 
crescence is going on in the posterior part of the embryo, the entoderm in the 
anterior part (behind the mandibular segment) forms two lateral gi*ooves 
consisting of large granular cells (Fig. 66, I) ; these are the rudiments of the 



Digiti 



zed by Google 



HEART. 177 

bepatic tubes, which become connected later on the ventral side by entodormal 
epithelium. Two longitudinal folds arise and fuse with the inwardly curving 
edges of the grooves, and thus separate the hepatic tubes from the middle 
portion of the intestinal canal. At the same time, the hepatic tubes become 
divided through longitudinal folding into four secondary tubes in the same 
way as in the Arthrostraca. It appears that, in MysiSy when the mid -gut 
vesicle forms, the whole of the food-yolk is not taken up into it, but part of 
it comes to lie in the cephalic region outside of the intestine, and thus in 
the body-cavity. The food-yolk has a similar position in Moina, 

G. Heart. 

In describing thd development of the heart, we must take as our 
starting point the observations made by Glaus (Nos. 8 and 9) on 
Branchipus. The somatic layer of the mesoderm here forms a cell- 
stratum originating on the ventral surface, and now divided into 
separate segments; this mesoblast gradually grows upwards under 
the lateral parts of the integument. The dorsal edge of these 
:growing mesoderm-segments is formed by a single row of large 
cells {cardioblasts, Ndsbaum, Figs. 87, c, and 88 -4, c), which later 
-assume a crescentic shape (Fig. 88 B, c), so that a channel is now 
formed on each side. These semilunar channels, meeting and fusing 
in the middle line, give rise to a dorsal tube (Fig. 88 C, c). The 
latter is from the very first divided up into separate segments 
^chambers) corresponding with the primitive mesoderm-segments; 
the boundaries of these chambers persist as the lateral ostia. This 
origin of the heart seems distinctly to show that its lumen must 
be considered as a remains of the primary cleavage-cavity (BtJrscHU, 
Schimkewitsch). 

The ostia develop at the boundaries of the mesoderm-segments. The cardio- 
^lasts become transformed into the muscle-cells of the wall of the heart. 
During their development, the latter have their lower ends connected vdth the 
-dorsal portion of the intestinal muscle-layer. From this point, a horizontal 
■septum stretches out towards the body-wall ; this is the pericardial diaphragm 
<Fig. 88 C, «), which separates au upper portion of the coelom containing the 
heart from the rest of the body-cavity. This septum is found in all Crustacea. 

The heart of Oniscus develops in a similar way by the fusing of two grooves 
"which arise from a single row of cells on each side (Nusbaum). The formation 
•of the heart in the Aniphipoda (Pereyaslawzewa, Rossijskata) also passes 
through a similar stage. While, however, in Oniscus^ the posterior pai-ts of the 
4>ody develop first, and the formation of "the heart proceeds gradually from 
"behind forward, in the Amphipoda, the heart begins to form in the middle 
region of the body. A vascular trunk arises simultaneously in front of the 
<lorsal organ in the same way. The two rudiments only fuse after the dors&l 
•organ has degenerated, that organ retarding the development of the single 
dorsal tube. In the Amphipoda the fusing of the two grooves takes place in 

N 
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such a manner that the ventral precedes the dorsal fusion. This leads us to the 
condition observed in the Decapoda. 

In Aalaeus, the first nidiment of the heart is to be recognised as an accumula- 
tion of mesoderm-oells in the most posterior part of the embryonic disc (Fig. 6S 
B, h, p. 181), and thus behind the point from which the ventrally curved 
thoraco-abdominal region arises. In sections it can be seen that these mesoderm- 
cells unite to form a transverse plate which becomes opposed to the ectoderm on 
each side. The cavity found between the ectoderm and the plate of cardioblasts 
is the future lumen of the heart. This plate already shows slight pulsation, in 
which the ectoderm passively participates, before it curves round dorsallj to 
form a tube (Reich bn bach). A similar condition is described by LEBSDnisKT 
for Eriphia (No. 67). 
The heart of Myais develops in a manner analogous with that of Oniscui, 
The heart here arises as a cavity in a kind of 
dorsal mesentery formed by the fusion of the 
lateral edges of the somatic mesoderm. Its 
formation proceeds from behind forward. 

-f- — A As the primitive form of Crustacean 

heart we must assume a long dorsal vessel 
provided with numerous segmentally- 
arranged pairs of ostia; such a heart 
has been retained in the Branchiopoda 
(Fig. 95, h, p. 202), and also occurs in 
the Stomatopoda, The short, sa<>-like 
heart of the Copepoda and Cladocera 
is a degenerate form of this elongate 
type. Such degeneration may lead in 
small Entomostraca to the entire dis- 
appearance of the heart (many Copepoda 
and Ostracoda). In the same way the 
short sac-like heart of the Decapoda is 
probably to be derived from an elongate 
type of heart, such as is found in the 
Stomatopoda and Leptostraca, It seem^ 
probable, from Clauses researches on the vascular system of the 
Stomatopodan larvae with regard to the origin of the arteries, that 
the heart of the Decapoda corresponds to the most anterior portion 
of that of the Stomatopoda. 
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Fio. 87.— Dorsal aspect of a pes* 
tenor segment in the body of a 
young BranrkipM larva, showing 
the development of the heart 
(after Glaus), c, cardioblasts ; 
h, cardiac cavity ; nu, mesoderm- 
somites; oi, rudiments of the 
ostia. 



H. Glands. 

Two pairs of glands which occur in the Crustacea must be 
regarded as modified segmental organs. These are the antenna! 
gland (green gland) and the shell-gland. Reighenbagh (No. 66) 
and IsGHiKAWA (Xo. 51) have maintained that the former arises a& 
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an ectodermal invagination, while Kinosley (No. 55) has proved 
that, in Crangon, it arises from a collection of mesoderm-cells, and 
only secondarily does the vesicle open externally. The mesodermal 
origin of the shell-gland has been established in the case of the 
Cladocera by Grobbbn (No. 11) and Lbbbdinsky (No. 11a). 





Fio. 83.— Three transverse sections through 
young Branchipus larvae (after Glaus). 
Af transverse sections through a thoracic 
segment at the Metanauplius stage. B, the 
same through a thoracic segment at a later 
stage. C, the satne through an abdominal 
segment at a still later stage, c, cardio- 
blasts ; d, Intestinal canal ; dl, dorsal 
longitudinal muscle; 9, rudiment of the 
ventral chain of ganglia ; h, cardiac cavity ; 
ov, ovary; 4, pericardial septum; to, 
somatic, and sp, splanchnic layers of the 
mesoderm ; vl, ventral longitudinal muscle. 



Our belief that these two glands, which formerly were often confused with 
one another, are the homologues of the Annelidan segmental organs, rests 
partly on the statements of Lbydig and Geoenbaur. This interpretation 
of the antennal gland is supported chiefly by the careful anatomical researches 
of Grobben, and by the agreement thereby revealed between the structure of 
this organ and the nephridia of PeripatuSf so thoroughly investigated by 
Sedgwick. According to Grobben, we must distinguish in the antennal 
gland (in the Entomostracan larva as well as in the adult Malacostracan) two 
sections — an *' end -sac" and a much-coiled tubular portion which often enlarges 
before opening on the basal joint of the second antenna into a vesicle (urinary 
bladder). All these separate parts of the gland may become more complicated 
by the development of secondary diverticula. In recent researches, in which 
the indigo -carmine injections recommended by Kowalevsky were used, 
WiLDON (No. 68),* working on Palaemon serrattis, concluded that the structure 

* Cf, Marchal, Compt, Rend., Tom. ex., cxi., and Weldon, Quart, Joum. 
Micro. Sd,, Vol xxxii. 
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of this urinary organ was far more complicated than is generally beliered. It 
had been thought probable, from investigation ot Peripatus, that the ** end-sac" 
of the antennal gland might be considered as the vestige of the coelomic sac 
of this segment. Bat Weldon foimd in Palaemon a large coelomic sac lying 
in front of the genital glands and not communicating with the rest of the 
body-cavity, but connected with two nephridial canals running forward to 
the right and left ; these last widened out to form the urinary bladder. To 
this canal system, the ** end-sac,"- which may be compared with the Malpighian 
glomerulus, is a lateral addition connected with the urinary bladder by five 
glandular tubes. As the relations of the body-cavity in the Crpstacea are still 
far from clear, further investigation of this remarkable condition is very 
desirable. In the meantime, it is perhaps advisable to adhere to the views 
put forward by Grobbrn. 

That the above pairs of glands and the parts of the mid-gut participating 
in the formation of the excretory products (in Copepoda and Amphipoda) are 
by no means the only excretory organs of the Crustacea is proved by the 
experiments of Metschnikoff and Kowalkvskt {BioL CerUralbL, Bd. ix.) 
mentioned above. These authors, by means of coloured iigections, demon- 
strated the presence of small tubes in the thoracic limbs of Mysis, in which 
the colouring matter accumulated, and of cell-groups in a corresponding position 
in Nebalia, 

Lebedinskt (No. 57) has described the development, in Eriphia spintfrom, 
of a "segmental organ," arising as a paired outgrowth of the somatopleura. 
The tube thus produced lengthens out anteriorly and forms a coiled canal, 
which enters into communication with an ectodermal invagination in the coxal 
joint of the first pair of maxillipedes. 

L Qenital Organs. 

Our knowledge of the development of the genital organs in the 
Crustacea is as yet very fragmentary. The rudiments of the genital 
glands belong in all cases to the mesoderm. Grobben (Xo 21) 
found that, in CetochUuSy the genital rudiments are paired in the 
Nauplius stage, and lie ventrally to the intestinal canal. Only later 
do they shift dorsally to a position above the intestine, where they 
unite to form a single gland. Each of the genital rudiments consists 
of a large special genital cell, and of adjoining mesoderm-cells which 
yield the envelopes and efferent ducts,* 

In Moina^^ probably in connection with its paedo-parthenogenesis, the genital 
rudiments can be recognised as unpaired genital cells as early as the time when 

• [Hacker {Archiv, f. mikr, Anat., Bd. xlix., p. 86 ; **Die Keimbahn von 
Cyclops") traces the rudiment of the genital gland to a single cell, which is 
completely isolated at the thirty-two-cellcd sti^e, and which can be identified 
from the first cleavage which divides the egg into two cells, one of which is 
purely somatic, while the other (the " Kornchenzelle ") gives rise to a certain 
number of blostomeres (three), but always retains its individuality, and finally 
divides into the primitive entoilerm and the primitive genital cell. — Ed.] 

t In Dapknia similis^ Lebedinskt (No. 11a) was unable to distinguish the 
genital cells at as early a stage as is possible in Moina, Even in the Nauplius 
stage, the genital rudiments were indistinguishable. 
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the germ-layers separate. A cell-mass arising from these by division shifts 
within the embryo, and there forms an unpaired plate lying dorsally above 
the rudiment of the mid-gut; this plate only secondarily divides into two 
halves. The above mass of cells is invested later with a mesodermal envelope. 

The statements of Glaus (No. 9) in connection with the development of the 
genital organs in Branchijma are of importance. The rudiment of the genital 
glands is here a paired strand lying in the three or four anterior segments at 
the sides of the alimentary canal, and recognisable even in early stages. The 
first development of the efferent ducts, however, takes place at a later stage 
of sexual differentiation (p. 200), and proceeds from a transformation of the 
twelfth and thirteenth post-cephalic segment into two pairs of genital swellings. 
The latter, in the female, join in the median line, while in the male they remain 
separate. In both sexes the genital swellings of the posterior segment are grown 
over by those of the anterior segments. The fused swellings then appear, in 
the female, as a broad median prominence, or in the male as paired lateral 
prominences. The cell-material found in the genital swellings is utilised in 
such a way that the mesoderm-cells yield the efferent apparatus (oviduct and 
uterus — ^seminal duct and seminal vesicle) as well as the accessory glands, while 
an ectodermal ingrowth on the second pair of swellings becomes, in the female, 
the short external portion of the uterus (vagina), and, in the male, the long 
protrusible copnlatory organ (cirrhus). 

In the Decapoda, the genital rudiment has only been observed in the latest 
stages of embryonic life. Bobrbtzky and Bbichenbaoh (No. 65) conjecture 
that it is represented by two cell-strands which lie above the intestinal canal. 
According to Bobrbtzkt, these lie in the mid-gut region below the pericardial 
septum, whereas Rbichenbach observed the rudiment in the posterior segments 
in the hind-gut region. 

NusBAUH (No. 39) found the genital rudiments, in Mysis, as a paired group 
of ceUs lying behind the hepatic rudiment. When the hepatic tubes develop, 
this rudiment shifts towards the dorsal side, and later probably fuses to form 
an unpaired nidiment lying between the heart and the intestine. It appears 
doubtful whether a few large cells observed in the ectoderm at the time when 
the germinal layers form, and which later lie in the abdomen, are really, as 
authors maintain, to be identified as the genital rudiment. 

Although, for general reasons, we feel inclined to attribute the genital rudi- 
ments to the mesoderm, Pereyaslawzewa and Rossijskawa (No& 70 and 78) 
derive the genital cells in the Amphipoda from the wall of the mid-gut (!). 
According to these authors, a few entoderm-cells leave the mid -gut epithelium 
(in Onhesiia, the hepatic tubes also), and, surrounded by a mesodermal envelope, 
become the rudiment of the genital glands. It is well known that such an 
origin was asserted for these glands in PeripcUus by Sedgwick. 
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n. Metamorphosifl. 
1. The Nauplius Stage. 

The most typical feature of the metamorphosis in the Crustacea, 
and therefore, perhaps, the most convenient one with which to 
commence our study, is the so-called Nauplius stage. In those cases 
in which the young animal is hatched at a later stage of develop- 
ment (e,g., in the Cladocera, the Arthrostraca, and most Decapoda), 
the Nauplivs stage is thrown back among the series of embryonic 
stages ; nevertheless, we commonly find that this stage is indicated 
by a period of rest, such as an ecdysis of the Xauplius integument 
(p. 118). 

The Kauplius body (Fig. 89) is as a rule oval, the anterior end 
being the more rounded, and the posterior the narrower end of the 
body. In other respects, there is great variety in the shape of 
the body. Dorsally compressed, laterally compressed, long, and even 
broad Nauplii are to be found. The possession of three pairs oi 
limbs — the future first antennae {a')\ second antennae (a"), and 
mandibles (md) — points to the fact that, in the Nauplius^ we have 
an already segmented larval form. This segmentation is, however, 
not externally recognisable in the body of the Nauplius^ although 
the limits of the segments may be indicated in the ontogenetic 
stages which lead up to the Nauplius (free-living Copepoda, Cirri- 
pedia). Typically, the Nauplius has no shield-like reduplication of 
the dorsal integument, but such a fold (which usually only appears 
at a later stage) may be distinctly recognisable in individual cases 
(Cirri pedia, Fig. 102 A), or at least may be indicated by a slight 
fold in the integument of the dorsal surface. The posterior end 
of the body is still without the paired f ureal processes, but is armed 
with paired setae (f ureal setae). The most anterior pair of Hmhs, 
the first antennae (a'), are uniramose, and consist of few joints or 
are still unjoin ted. They serve for locomotion, and are also of 
importance as bearing sensory organs. The two pairs of limbs 
which follow these are developed in the form of biramose swim- 
ming limbs. The first of these, the second antennae (a"), ii® *^ 
the sides of the mouth, and are distinguished by a strong, hook-like, 
masticatory process springing from the basal joint. The third pair 
of limbs, the mandibles {ind\ also function principally as locomotor^ 
organs. A masticatory blade is not, as a rule, developed on the 
basal joint, indeed, this structure, so characteristic of the appcQ"^^ 
in the adult, is hardly indicated, although it may in some cases 
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occur here. The U-shaped antennal gland {at) opens externally on 
the basal joint of the second antenna. The oral aperture which 
lies between the two antennae is overhung by a large upper lip 
(labrum), and leads into the alimentary canal, in which can be 
distinguished a short oesophagus, a widened mid-gut, and a hind- 
gut. The anal aperture may be wanting in the first Nauplius 
stages {GetochiltiSy Cyclops), It has been observed in many cases 
that this aperture origin- 
ally opens on the dorsal 
surface (Cirripedia, Fig. 
103, p. 212; Cetochilus, 
Fig. Ill B, p. 233; em- 
bryonic stage in the 
Cladocera, Fig. 72, p. 
147), the aperture shift- 
ing later to the posterior 
end of the body between 
the furcal processes. The 
nervous system retains 
its original connection 
with the ectoderm, and 
consists of the supraoeso- 
phageal ganglion, circum- 
oesophageal commissures, 
and the first pair of gan- 
glia of the ventral cord. 
The second antennae are 
innervated from a pair of 
ganglia lying behind the 
mouth (Claus, Dohrn), 
an arrangement which is retained by the Phyllopoda in the adult. 
As a sensory organ, there is the unpaired Nauplius eye, which lies 
in the frontal region, and is composed of three parts. The most 
developed muscles are those of the limbs, which are attached to 
a point in the mid-dorsal region. The heart is not yet developed. 

Althongh there is no external segmentation in the Nauplius body, we can 
nevertheless recognise in it the follo>\ing segments:— An anterior pre-oral or 
primary cephalic segment^ a posterior terminal or anal segment at the posterior 
end of the body, and the true trunk-segments which lie between these. As 
members of the last group, we recognise the section of the body belonging to 
the secoDd antenna and the mandibular segment. Wc have, however, already 
pointed out (p. 165) that the region of the first antenna possibly also corresponds 




Fig. 89.-r-NaupliM of Cyclops (after Claus). a', first 
antenna; a", second antenna; md, mandible; o, 
Nauplias eye ; at, antennal gland ; ds, mid-gut with 
excretory cells. 
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to a trunk-segment, which became eacly specialised and lost its independence. 
The cephalic and terminal segments stand in a certain contrast to the tmnk- 
segments, in so far as only the latter have i-udiments of limbs. The posterior 
portion of the NaupHus body contains anteriorly a budding zone from which 
new trunk-segments are continually being produced, while its posterior ex- 
tremity eventually becomes the anal segment (telson) of the adult. 

The typical form of Nauplum above described undergoes many variations in 
detail, some of which will be described later. In most cases, at the Nauplim 
stage, not only the above-named trunk-segments are perceptible, but alw the 
rudiments of other segments behind these. Such a stage, indicating as it does 
a higher grade of segmentation of the body, is more correctly described by 
Claus* name of Metanauplius. This name denotes all those larval stages 
following upon the NaupHus stage, which, while retaining the general characters 
of the Nauplhis, show an advance upon it in segmentation by the possession 
of trunk -segments bearing limbs behind the mandibular segment Such a 
widening of the concej)tion of the Naupliiia appears the moi-e admissible as 
O. F. MCller founded his hypothetical genus NaupHus on a Cyclops larva with 
four pairs of limbs, while to the younger stage with three pairs of linibs he 
applied the name Amymon^, After it had been discovered that MCllir's 
genus belonged to the seiies of ontogenetic stages of Cyclops (Jurine\ the name 
** Nauplius " was adopted for all similarly-shaped Crustacean larvae. 

The Naupli^iSf in accordance with the views of Fritz MCller (No. 16) was 
for a time regarded as a larval form of great significance (Haeckbl, Dohrn, 
No. 9), as it was thought to represent the common racial form of all the 
Crustacea. In what way this racial form was to be connected with the lower 
groups of animals was not so clearly stated. It was, however, thought that 
the nearest relations of the hypothetical ancestral form were to be sought among 
the Rotifera or the Annelida. The first to oppose tlie prevalent view was 
Hatschek (No. 15), who pointed out the resemblance in body -structure 
existing between the Crustacea and Annelida, and urged that the common 
ancestral fona of the Cnistacea must have had a body already composed of 
many segments, and that such a racial form could be directly deduced from 
the Annelida. This view received great support when the structure of the 
two pairs of excretory glands (shell- and antennal glands) was better known ; 
the homology of these glands with the segmental organs of the Annelida had 
already been asserted by Leydig and Gegenbaur. Very gradually the following 
view has been adopted and is now generally accepted (Dohrn, No. 11), vi^*— 
that the Nauplim does not represent a stage in the direct ancestitil line of 
the Crustacea, but is a caenogenetic, adaptively modified larval form in which 
the following Cmstacean characters are early developed : the form of the limbs, 
the strong cuticularisation of the surface of the body, and in connection «ith 
this, the development of hair-like processes, the absence of ciliated epithelia, 
the disappearance of the coelomic sacs, and the development of a lacunar body- 
cavity. The Nauplius thus shows typical Crustacean characters in its structure 
and in its histological constituents, while in its body-segmentation it stands 
at a level which can best be compared with that of a polytrochan Annelid larva. 
The NaupliuSt therefore, is a larval form which is secondarily modified by its 
early adoption of the Crustacean manner of life, but which, phylogeneticallyi 
arose at a comparatively late stage. 

One of the principal reasons advanced for considering the Nauplius to be the 
racial form of the Crustacea was the common occurrence of this larval form 
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in the most varied groups of Crustacea. This general occurrence of the Nauplixis 
in the ontogeny of all Crustacea shows that the hypothetical common ancestor 
liad already passed through the stage at which the Nauplitis was acquired, 
and that therefore the modification in the ontogeny of the Crustacea just 
descrilied took place in very early times. This appears the less surprising 
when we realise how greatly the ontogeny of a form is influenced by variation 
affecting the adult. Only in so far as the wide occurrence of the NaupHtu 
larva justifies us in forming conclusions as to the ontogeny of the racial form 
of the Crustacea, can a certain phylogenetic significance be ascribed to it 
(Hatschek, Lehrbuch der Zool., p. 26). 

The further development of the NaupUvs stage is accomplished in 
the Entoniostraca, e.^r., in the Phyllopoda and also in some Copepoda, 
by a series of very gradual changes of shape through many moults, 
the adult condition being reached by a continuous increase in the 
number of body-segments and of 
pairs of limbs, the growth of the 
dorsal shell-fold, the appearance 
of the lateral eye, and other 
transformations occurring one 
after the other. While, in these 
lowest forms, the course of 
metamorphosis is comparatively 
simple, it becomes more compli- 
cated among the Malacostraca, 
where independent larval forms, 
notably the Zoaea^ are inter- 
calated. These do not belong to 
the direct series of transforma- 
tions between the Naupliua and 
the adult form, but are dis- 
tinguished by secondarily acquired peculiarities, resulting in a great 
increase in number of larval forms. (For the metamorphoses of 
the Malacostraca, see p. 246.) 




Fio. 90.— -4, thoracic limb of a Copepod 
(after Glaus). £, abdominal limb of Gam- 
marus loaista (after Boas), i, first, S, second 
joiut of the protopodite ; en, endopodite : 
er, exopodite. 



2. Typic^ Form of the Orustacean Limbs. 

In the two posterior pairs of Nauplius appendages, we have a 
very primitive form of Crustacean limb. With the exception of 
the first antenna (antennule) which shows an altogether hetero- 
morphous structure, all the Crustacean limbs can be traced back to 
a fundamental type corresponding to the biramose second and third 
pairs of Nauplius limbs. We can always distinguish a proximal 
section as the stem of the limb or protopodite (Huxley), which 

o 
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splits into two distal branches, the inner being, as a rule, called the 
inner branch, or endopodite (Fig. 90, en\ and the outer the outer 
branch, or exopodite {ex). While the exopodite and the endopodite 
undergo considerable variation, developing as lamellate appendages 
or adopting some altogether different form, or breaking up into a 
very varying number of separate joints, the protopodite is in most 
cases composed of two joints (Figs. 90, 91, i, 2). The first of these 
joints (the proximal joint) (/) was called the based joitii by Glaus, 
and the coxopodite by Huxlby, while the second (the distal joint) {2) 
is known as the stem-joint (Glaus) or hasipodite (Huxlby). It should 
be mentioned that in many cases (especially in the Malacostraca), 
the joints of the endopodite seem to form a direct continuation of 




Fig. 91.— Three Crustacean limbs (after ClausX A, maxilla of CaJaruUa. B^ thoracic limb of 
Nehalia. C, first maxlUipede of an advanced Pentmu larva. 7, first, f , second joint of the 
protopodite ; fc, masticatory processes of the same ; en, endopodite ; tx, exopodite ; tp^ 
epipodial plate ; ep', rudiment of a branchial tube. 

the protopodite (Fig. 91 B), while the exopodite appears like a 
lateral appendage. This condition cannot, however, be regarded 
as primitive. 

The close proximity of the ventrally placed Grustacean limbs 
allows mutual inter-action of the two members of one and the same 
pair, and we therefore often find, on the inner side of the endopodite 
and protopodite, processes of very various kinds which act mechani- 
cally upon any foreign bodies (particles of food) that may come 
between the two approximated limbs. Such processes have received 
the general name of endites, but when found on the protopodite they 
may bear more special names (Fig. 91, A:), being known as masticatory 
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hooks, lamellae, or lobes, or else as masticatory blades. We have 
already observed the development of such a masticatory hook on 
the protopodite of the second antenna (Fig. 89, p. 191). 

Another component of the Crustacean limb which, however, is 
not always developed, is to be found on the external side of the 
protopodite, and is in most cases connected with the movement of 
the surrounding water and has a secondary respiratory function. 
Such appendages, several of which may occur together, we shall 
call epipoditfis (Fig. 91, ep), whether they are developed as lamellae 
(epipodial plate, ep) or as branchial sacs or tubes (ep^) provided with 
a rich circulation of blood (p. 172). The epipodial appendages, as a 
rule, belong to the coxopodite or basal joint. 

In the following pages we shall have to refer to the many modifiations and 
degenerations which these separate constitaents of the Crastacean limb undergo. 
Of the two extreme types, the elongate form of limb appears to be the more 
specialised and to have developed very gradually, while the lamellate, broadened 
form, such as occurs in most Phyllopodan limbs 
and in the thoracic limbs of Nd>aliay probably 
represents the more primitive type. 

It has not yet been satisfactorily demonstrated 
in what manner the separate parts of the leaf- 
like Phyllopodan limb can be homologised with 
those of the schematic Crustacean limb above 
described. Rat Lankesteb's explanation seems 
to have a certain degree of probability. Accord- 
ing to this author, among the six endites belong- 
ing to the inner side, the fifth represents the 
endopodite (Fig. 92, en^), and the sixth the 
ezopodite (en% This view is supported by 
the observations of Glaus (Nos. 20 and 21), 
which show that, in the developing limb of 
Sranchipus, these two lobes were the first to 
become distinct. The fan-like plate {ep), which 
arises much later, is to be regarded as an epipodial 
appendage as well as the branchial sac (ep^), 
llie breaking up of the stem of the limb into 
separate joints shown in Fig. 92 is exceptional 
among the Fhyllopoda. 

We feel tempted to deduce the typical biramose 
form of the Crustacean limb direct from the 
bilobed Annelidan parapodium. Such a deduction 
is supported by the fact just mentioned that the 
separation of the exopodite and endopodite takes 
place unusually early in the limb-rudiment in Branchipus (Claus). Whilst, 
however, the Annelidan parapodia are processes of the lateral sides of the body, 
the limbs of the Crustacea have shifted ventrally and have become approximated, 
a fact which indicates that we must imagine, as the intermediate form between 
the Annelida and the Crustacea, an animal which crept on the sea-bottom. The 




Fio. 92.— Second thoracic limb of 
Ajnu cancrijimaii (after Rat 
Lankbstbk). 7, first, 9, second 
stem-joint; 0ni, eti^, en3, en4, 
«nB, «n6, the six endites; ep, 
epipodial lamella; ep', bran- 
chial sac. 
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mutual action of the limbs and the development of endites connected with this 
is thus a new acquisition peculiar to the Crustacea. On the other hand, the 
epipodial appendages may with some probability be deduced from the dorsal 
cirri of the Annelida, although this view meets with a difficulty in the Ute 
appearance of these structures in the ontogeny of the Crustacea, We must not, 
however, forget that the respiratory requirements only, as a rule, increase when 
a certain size of body is attained, and that this appears to explain why small 
Crustacean larvae (as well as adults of small size) have no branchial appendages. 

3. Phyllopoda. 
A. BrancMopoda. 

The larvae of the Branchiopoda, after hatching, bear a general 
resemblance to the Nauplius, but the body is divided into an anterior 
cephalic section carrying the Nauplius limbs and a posterior abdominal 
section. Since the rudiments of a number of body-segments are to 
be found in the latter, this larval stage of Branchipus must be 
described as a Metanaupliua (Fig. 93). This stage is very little 
modified in the various Branchiopodan genera. The rudiment of the 
dorsal shell-fold is, as a rule, still wanting, only developing at a later 
stage. The further metamorphosis is exceedingly simple, new 
segments being successively yielded by the posterior end of the 
body, and the limbs budding out in the same order. An exception 
to this regular course of development is found in the linabs of the 
maxillary region which, in keeping with their slight development in 
the adult, appear late. While the segmentation of the body thus 
gradually approaches that of the adult, the paired compound eyes 
develop as well as the shell-fold, which latter must be counted as 
belonging to the maxillary region, the internal organs develop, 
and the three pairs of Nauplius limbs degenerate in size and 
become modified. 

As an example of the development of this group we may take 
that of Aptis, which is so Well known through the investigations of 
Zaddaoh (No. 31), Braubr (No. 18), and especially of Glaus (Nos* 
20 and 21). The Metanauplius of Apt^ (Fig. 93 A) is more or less 
oval in shape, narrowing posteriorly ; when it leaves the egg it ^^^ 
retains the original dorsal curvature of the body (Brauer) but soon 
straightens out. The only internal organs which can be recogniseu 
are the Nauplius eye and the intestine which widens anteriorly an 
opens out in a depression at the posterior end of the body. ^'^^ 
three pairs of limbs are of the typical Nauplius form. The nrs 
antennae (i), which are inserted at the sides of the large, helme 
shaped upper lip, are simple unjointed rods each carrying two l^rge 
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setae at the tip. The second antennae (2) are large biramose 
swimming limbs, each carrying a movable masticatory hook on the 
basal joint. The endopodite of each of the second antennae is small 
and has setae at its end, while the five-jointed exopodite has five 
swimming setae on its inner side. The mandibles (3) are smaller 
than the second antennae, but agree with them in general structure. 
The masticatory hook is wanting in the mandibles; the future 
masticatory blade (often the sole representative of the mandible in 
the adult) is visible at this stage merely as a slight swelling on the 
inner side of the protopodite. The endopodite and exopodite are 
unjointed and carry setae at their tips. The anterior or cephalic 
region of the body, which carries the Nauplius limbs, is bounded 
posteriorly by a small dorsal prominence, in which we recognise the 
first rudiment of the dorsal shield. At the middle of this anterior 
dorsal region there is a more or less round, sharply circumscribed 
point, the rudiment of the nuchal gland so widely distributed among 
the Phyllopoda (p. 151). In the posterior, thoraco-abdominal region, 
five consecutive thoracic segments have begun to form as transverse 
sweUings (/- V), 

After the first moult (Fig. 93 B\ the form of the body is essen- 
tially changed by the broadening of the anterior region and the 
elongation of the narrow, cone-like, posterior section. The dorsal 
shield now covers the tergum of the first thoracic segment. The 
Nauplius limbs retain essentially the same character. The endo- 
podite of the second antenna is now two-jointed. On the basal joint 
of the mandible (3), a strong masticatory blade has developed with 
teeth on its inner edge, this being covered by the now relatively 
small upper lip. Behind the mandibles, the first pair of maxillae 
have begun to appear as simple plates (^). In the anterior thoracic 
region, two to four lobed rudiments of limbs can be made out. 
The number of thoracic segments is increased to eight by the 
addition of new rudiments. At the posterior end of the body, the 
large furcal processes have developed. Other points of interest in 
this stage are : the development of the frontal sensory organs as 
styloid filaments (fs) near the Nauplius eye, the rudiments of the 
hepatic outgrowths at the wide anterior part of the mid-gut, the 
greater distinctness of the antennal gland in the basal section of 
the second antenna, and the rudiment of the shell-gland in the 
ventro-lateral part of the dorsal shield. 

The third larval stage (after the second moult), reveals lobed 
rudiments of limbs on the six anterior thoracic segments; on the 
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seventh segment, a non-lobate rudiment is found, and behind this, 
the rudiments of two or three more segments. Behind the first 
pair of maxQlae, the rudiment of a second pair can be distinguished 
as a transverse prominence. The shell-gland is distinctly visible 
in the lateral part of the dorsal shield, which has now slightly 
increased in size. At this stage the heart can already be made out, 




Fio. 98.— Three larval stages of Apus cancri/ormU (after Claub, ftom Lang's Text-book). 
A, larva just hatched (AfetaiiattpKiM). B, second larval stage with the ant«rior maxillM 
and seven (or eight) thoracic segments. C, fourth larval stage with about flfteen thoiscic 
segments, i, first, 9, second antenna; 5, mandible; ^, first maxilla; I.-XIU-i ^^ 
thirteen trunk-segments ; /«, flrontal sensory organ ; «, dorsal shield ; L, liver. 

reaching from the maxillary region posteriorly to the sixth thoracic 
segment. As the segments develop posteriorly, new chambers are 
added to the heart (Fig. 87, p. 178). 

In the fourth larval stage (Fig. 93 C7), further rudiments of lim^ 
are seen in the act of forming on the thoracic segments; ^^ ^*' 
seven anterior segments these are distinctly lobate, on the next two, 
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indistinctly lobate, and on the three or four following, they are 
unlobed. The thoracic shield (s) and the furcal processes have 
increased considerably in size. As important new rudiments, we 
have those of the paired eyes, which are situated dorsally above 
and behind the Nauplius eye, and in which the deposition of 
pigment has commenced These rudiments and those of the 
developing optic ganglia become more and more distinct during 
the subsequent stages. 

At the fifth stage, there are nine distinctly lobate pairs of limbs, 
a tenth rudiment indistinctly lobate, and four following these not 
as yet lobate. Six more rudiments of segments are discernible 
behind these. At this stage, the formation of the heart and the 
branching of the liver by means of secondary diverticula progress 
gradually. In the later stages which succeed one another through 
numerous moults, the form of the adult is gradually approximated 
by the appearance of fresh segments and limbs, by the increase 
of the dorsal shield, which gradually covers almost the whole of 
the dorsal region, and by the lengthening of the furcal processes. 
At the same time a degeneration of the Nauplius limbs takes place, 
the first antenna remaining as a small two-jointed stump, and the 
second as a still smaller unjoin ted vestige; of the mandibles, only 
the basal joint is retained with its now strongly-developed masti- 
catory blade. The distal part of this latter limb is visible in the 
later larval stages as a gradually diminishing mandibular palp, which 
finally disappears. This degeneration of the limbs is accompanied 
by a change of the method of progression. In the first stages, the 
larva jerks itself forward by the powerful strokes of the second 
antennae, but now it moves more regularly by the gentler swimming 
action of the numerous rowing limbs. 

The above description applies to Apus cancri/omiis. The develop- 
ment of Apiis prodtidtiSj made known to us by Braubr (No. 18), 
is quite in agreement with the above account. The egg, however, 
is here considerably larger and the development more abbreviated. 
The number of moults and of separate ontogenetic stages is smaller. 
The second antennae, as early as the fourth stage, cease to act as 
rowing organs, and at the sixth stage are greatly degenerated. The 
Metanaujplius which hatches out of the egg has not only a large 
number of segments, but already shows the rudiments of the paired 
eyes. 

The MetanauplitLs of Branchipua is somewhat longer, and the 
thoraco-abdominal section of the body is more sharply separated from 
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the cephalo-ihoracic section. The maxillary segments and the first 
two thoracic segments, with the rudiments of the corresponding 
thoracic limbs, can be recognised, as well as the commencement 
of ttie metameric segmentation of the rest of the body (Clads, 
:No. 20). The gradual development of these larvae, as well as that 
of Artemia^ follows a course similar to that of Apus^ if we bear 
in mind the differences caused by the absence of a dorsal shield 
and the consequent cramped position of the shell-gland, whose 
opening was found by Claub (No. 21) on the second maxilla. 
The course of development of the compound eyes can here be 
followed very clearly; these, together with the optic gangUa, 
originate from a proliferation of hypodermis at the sides of the 
cephalic segment (p. 168). In this hypodermal growth, a separation 
into layers takes place, the inner layer being transformed into the 




Fio. 94.— So-called NaupliiLS stage of Kstheria ticinenis (after G. Fickkb). o', flrel, o", second 
antenna ; md, niandible ; d, upper lip. 

ganglion, while the superficial layer yields the actual compound 
eye. A lateral outgrowth of this part of the head leads to the 
development of the eye-stalk, which later becomes a movable, jointed 
appendage (Claub). The method of development of the stalked 
eyes in this form affords the most weighty objections to the view 
that these organs are structures homologous with the limbs (p. 165). 
Until the stage at which the full number of segments and Hmb- 
rudiments is attained (first period of development), the antennae 
and the mandibular palps retain the larval character of the 
MetanaupUus stage. Only in the subsequent period of sexual 
differentiation, in which the genital segments develop in a manner 
characteristic of the two sexes, do the muscles of the swimming 
antennae and the mandibular palps degenerate. The mandibular 
palps altogether disappear, while the second antennae shift to the 
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frontal surface and become transformed into the so-called cephalic 
horns, varying in the different species. At the same time, a sensory 
organ (Claus, No. 21) develops between the forehead and median 
eye; this must not be confounded with the paired frontal organ. 
It consists of an accumulation of club-shaped terminal nerve-cells 
which contain peculiar three -pronged, strongly refractive deposits. 
It corresponds to the nuchal organ described by Lbydig in con- 
nection with the Cladocera. 

The development of the Estlieridae also does not deviate in wiy 
essential point from that described for Apua and Brancldpus, The 
so-called Naupliuis stage (Fig. 94) is still entirely devoid of the shell- 
fold which, in the adult Estheria^ is bivalve. It is distinguished 
from the corresponding stage of Branchipvs only by the remarkably 
large upper lip {pi) and the' rudimentary condition of the first 
antenna (a'), which is a hemispherical swelling provided with a long 
seta (FicKER, No. 22). At a later stage, the two maxillary segments 
and six distinctly separate limb-segments, still, however, quite devoid 
of their limb-rudiments, can be recognised. At the posterior end 
of the body, the f ureal processes have already developed. The rudi- 
ments of the paired eyes and of the ganglia belonging to them can 
be made out. At this stage the rudiment of the shell first appears 
as a paired outgrowth of the dorsal integument of the maxillary 
region (Fig. 96, *). Within this rudiment can be recognised the 
as yet slightly developed shell-gland. The later stages are chiefly 
characterised by the growth of the shell, the increase in number of 
segments and Hmbs, the changes which take place in the Nauplius 
limbsy and the gradual diminution of the upper lip. In these stages 
(Fig. 96), the larva strikingly resembles an adult Cladoceran. The 
head, which is not yet covered by the shell-valves, has a pair of small 
antennules beset with olfactory filaments (a'), and large swimming 
antennae {a") recalling in a striking manner by their structure the 
corresponding limbs in the Daphnidae. The mandibular palp (md) 
is much reduced. The shape of the shell-gland {sd), and the form of 
the posterior section of the body (post-abdomen), with its furcal 
hooks and two large sensory setae, so strikingly recall the Cladocera 
that we cannot doubt that the latter group has been derived from 
the EstJieridae by a diminution of the number of segments and 
limbs, and a degeneration of the heart to a short sac (Claus, No. 8). 

In its larval development, Limnadia closely resembles Efstheria 
(Lebeboullbt, No. 26). Here also the two shell-valves develop as 
originally distinct outgrowths of the dorsal integument of the 
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maxillary region (Fig. 96, s), fusing in the median line only at a 
later stage. Although here, as in the Gladocera (Grobbbn), the two 
halves of the shell at first develop separately, we must, nevertheless, 
trace them back to an originally single dorsal shield, like that of Apus, 
In the youngest larval stages of Limneiis (Fig. 97) observed by 
Grube (No. 23), the shape of the body is very remarkable. In the 
number and structure of the limbs, this larva agrees with the so-called 
Nauplius of other Branchiopoda, but it is distinguished by a flat, 
circular, and somewhat transversely broadened dorsal shield. There 




Pig. M.-Old*?r (CUdocMm^Ulte) towJ rtip 
of ^^fc*rta (alUr CL^tfJi a', nm, a^', 
^cct^nrl antrnna ; tf, iiik»tlne ; >, ftfloW 
s!Gti«ory org»P ; A, heirt- Jr, fpll*; i*4 
uiandlblf: ; n, nefvouasyttem ; n^ Kauftin 
eye ; «d, iliell-^landH 

is a correspondingly large and 
transversely broadened upper 
lip on the ventral side. At 
the anterior cephalic region there 
aro one unpaired and two paired 
lateral conical projections. The flat 
dorsal aliie!d is replaced byabiveJv^ 
shell only at a somewhat late stagfi. 
Many very primitive features 
have been retained in the condition 
of the body among the numerous 
forms of the Branchiopoda. As such we may assume the presence 
of many body-segments, the comparatively homomorphic develop- 
ment of the limbs, the origin of the antennal nerves from a pair of 
ganglia lying in the oesophageal commissure, the presence of separate 
ganglia in each maxillary segment, the ladder-like development of the 
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ventral chain of ganglia, the presence of a long chambered dorsal vessel, 
and perhaps also the lamellate character of the limbs. The fact that 
the great groups of the Malacostraca through their most primitive 
member (Nebaiia) join on to the Branchiopoda, will still further 
incline us to see in the latter the now living representative of a series 
of forms which are least removed from the hypothetical ancestor of 
the Crustacea (Dohrn, No. 9). On the 
other hand, we must not forget that 
the existing Branchiopoda (Phyllopoda) 
in many respects seem undoubtedly to 
have undergone great secondary modifi- 
cation. In the first place we must here 
recall the reduced form of the oral limbs 
{mandibles and maxillae). With regard 
to these we shall have to turn to the 
larvae of the Copepoda and the Mala- 
costraca, so as rightly to complete the 
picture of the hypothetical racial form. 
Nevertheless, in forming a judgment of 
the phylogenetic relations of the Crus- 
tacea, we shall often have to return to the 
Phyllopoda as a very primitive group. 




Fio. 96.— Dorsal aspect of the 
larva of Limnadia (after Lkkb- 
boullbt). o", base of the 
second antenna ; d, intestine ; 
md, mandible; ot, upper lip; 
«, rudiment of the right shell- 
vslve. 



R dadocera. 

Whereas the Branchiopoda pass through 
a metamorphosis characterised by many 

moults, larval ecdyses are altogether wanting in their relations, the 
Cladocera, the young animal leaving the egg with a shape resembling 
that of the adult. The whole modelling of the body is here shifted 
back to the embryonic stages, among which a distinct Nauplius 
stage can be recognised; this is in many cases even marked by a 
moult — development of the Nauplius cuticle — (Fig. 72, p. 147). 

Special peculiarities of shape, however, are met with in the newly- 
hatched young of the remarkable genus Leptodora, Whereas the 
young coming from the summer egg resemble the adult in shape 
(P. E. MOllbr), the larva hatched from the winter egg resemble an 
advanced Metanauplivs (Fig. 98), and have therefore another stage 
to pass through (G. 0. Sars, No. 29). The body in this Meta- 
nauplius is long, without outwardly recognisable segmentation, and 
ends posteriorly in the two f ureal processes. The first antennae (a') 
are short and club-shaped, the second (a") long biramose swimming 
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appendages, which however are devoid of the special masticatory 
hook found in the Branchiopodan Nauplius. The mandibles {ml) 
consist of the basal blade and a long unjointed oar-shaped palp. 
The oral aperture is overhung by a large upper lip (d). In the 
thoracic section of the body the rudiments of six pairs of limbs^ 
{p^-p^^) are visible in the form of transverse swellings. In the 

cephalic region,^ 
the Nauplius eye 
alone is recog- 
nisable, the com- 
pound eyes de- 
veloping at a 
later stage. Fur- 
ther metamo^ 



Fio. 97.— iVitMcp/itfci stage of Limiutit brachyura (after Grubs), o", 
second antenna; A;, masticatory process of the same; nd, 
mandible. 




by the develop- 
ment of the Hmbs 
and of the body- 
segments, the 
growth of the 
dorsal shield, the diminution of the upper lip, the degeneration of 
the mandibular palp, and the acquisition of the characteristic 
curvature of the body. The Nauplius eye persists in the generation 
coming from the winter egg, whereas it is wanting in individuals 
developing from summer eggs. 

The genus Leptodora, in the metamorphosis of the winter eggs 
and in the 

Branchiopoda- — -.phi^ J^ 

like Metanau- 
plivs stage, as 
well as in many 
other respects, 
has thus re- 
tained primi- 
tive characters 
among the 
Cladocera. 

The summer 
and winter eggs 

differ not only with regard to the development of the embryo, but in other 
points as well. It has already been indicated (p. 114) that, in Bythotrepha and 
Leptodora^ the type of cleavage of the summer egg differs from that of the winter 




Fig. 98.— ifc<a»ui«pliii» stage of LtjAodora ^yaUna developed from a 
winter egg (after G. O. Sabs), a', first, a", second antenna; md, 
mandible; pt-pVi^ rudiments of the first six pain of thoitdc 
limbs ; ol, upper lip. 
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«gg. Sars (No. 80) has pointed out in this connection that the embryos that 
develop (in ephippia) in the winter eggs remain during the whole duration of 
development enveloped in the egg-integument ("chorion"), while the summer 
eggs throw off the very thin vitelline membrane before reaching the last stage of 
development. 

The number of pairs of thoracic limbs which we found as rudiments in the 
Metanauplius was six, and this must be considered as the primitive number in 
the Cladocera. This number is also retained in the Sididae. In the embryo of 
Lynceu9 six pairs appear as rudiments, but the last of these degenerates later 
(Claus, No. 8). 

4. Ostracoda. 
The Ostracoda, which are provided with a bivalve shell, often 
impregnated with calcareous salts, undergo more or less marked meta- 
morphosis. These animals were prohably derived from Phyllopodan 
ancestors by a process of degeneration tending in a definite direction, 
the number of segments being reduced, and the powers of locomotion 




'^^^^ S}£ 



Fio. 90.— Two larvftl stages ot Cypris (after Claus, from Balfour's Text-book). A^ Nauplius 
stage. B, second larval stage. A ', first, A", second antenna ; /", first pair of feet; Md, 
mandible ; OL, upper lip ; Mx', first maxilla ; SM, adductor muscle. 

diminished. In Cypridtna, the Cyiheridae, and the Halocypridae, 
whose development is as yet unknown to us, the metamorphosis 
appears to be to some extent abbreviated, since the larva when 
hatched has almost the form of the adult; the Cypridae^ on the 
contrary, undergo a metamorphosis, passing through many moults 
from the Nauplius stage to the adult form. This metamorphosis has 
been observed by Claus (Nos. 32 and 34) in the cases of Cypris 
fasciaia^ C, ovum^ and C, vidua. Reckoning by the number of 
consecutive moults, there are here nine different stages, some of 
which, however, differ only slightly. 

The Nauplius (Fig. 99-4) resembles the Phyllopodan larva at the 
same stage in that the three pairs of limbs are used as locomotory 
organs^ arid in the possession of a large helmet-shaped upper lip (OL), 
but in having a well-developed bivalve shell provided with an 
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adductor muscle (SM), it already shows a typical Ostracodan feature, 
the developtnent of which has evidently been shifted hack second- 
arily to this early stage. Further metamorphosis takes place, as in 
the Phyllopoda, by the gradual development in regular order of the 
posterior pairs of limbs, the growth of the posterior section of the 
body and of the corresponding internal organs. In accordance with 
these changes in the body, a change in the shell (observed by Zenker, 
No. 35) takes place. In the NaupliuSj the anterior half of the shell 
is remarkably developed. Its greatest height, as well as its greatest 




// 



iw 



Fio. 100.— Two further itagM of development of Cypris (after Glaus, fh)m Balfour's Ttxt- 
book). A, fourth sUge. B, fifth stage. Afz', first maxilla ; MjT and /', second nuxiUs ; /'. 
first pair of feet ; L, liver. 

breadth, lies anteriorly to the middle of the body. The anterior 
section of the shell appears sharply inclined, while the posterior end 
of the shell runs out more gradually to a point. As the posterior 
part of the body develops, the posterior halves of the shell also 
increase in size (Figs. 99-101). An exception to the rule that the 
limbs appear in order from before backward is found in the second 
maxillae which are somewhat retarded, not appeving until after the 
limbs which lie posteriorly to them have developed. There is "^ 
a recurrence of a feature found in the Phyllopoda and a few Copepoda 
{Gydopidaey Harpactidae). 



Digitized by VjOOQIC 



08TRAC0DA. 



207 



The Nauplius stage {first free larval stage^ Fig. 99 -4) is, as already mentioDed, 
diBtioguished by the presence of a bivalve shell provided with an adductor 
mnscle {SM). At its highest point is found the Nauplius eye, which is here 
very large and provided with paired lenses. The alimentary canal, which consists 
of oesophagus, mid-gut, and hind-gut, is still without hepatic appendages. The 
oral aperture is overarched by a large upper lip {OL), The three pairs of limbs 
differ somewhat in shape from those of the Phyllopodan Nauplius^ being here 
developed as uniramose crawling limbs. The first two pairs already approach 
the adult form. The first antenna {A') is bent inwards, and consists of four 
joints, the three terminal joints l^eing beset on their upper surfaces with rowing 
setae. The second antenna {A") already shows the characteristic knee-like bend 
inwards. The mandible {Md) has still the form of a three-jointed crawling 
limb, its tip ending in a large hooked seta. The future masticatory blade is at 
this stage merely a small serrated process of the basal joint 

In the second larval stage (Fig. 99 B) which follows, the mandible loses the 
primitive character just described. Besides this, behind the mandible, two more 




Fio. 101.— Sixth larval stage of Cypris (after Claos, from Balfour's Text-hook). Mx\ first, 
M%", and f, second maxilla ; f\ f'\ first aud second pairs of feet ; Fu, caudal fork ; L, liver ; 
5D, shell-gland. 

rudiments have arisen, those of the first maxilla {Mx) and of the first pair of 
feet (/^. The body has correspondingly lengthened. The basal joint of the 
third limb is now transformed into a large triangular masticatory blade 
(mandible) toothed on its inner edge, the rest of the limb persisting as a four- 
jointed mandibular palp. Attached to the basal joint of the latter can be 
recognised the first rudiment of a hand-shaped appendage beset with setae 
(ezopodite). The next rudiment (that of the first maxilla) is a leaf-shaped 
curved plate {Ma:f\ while the first ambulatory limb (/") is an unjointed climbing 
organ provided with a terminal hook. 

In the third stage, the maxilla approaches its adult form, two strong, toothed, 
masticatory blades and the rudiment of a third being discernible. The rudi- 
ment of the movable gill-plate (exopodite) beset with hairs can also now le 
recognised. In the following fourth larval stage (Fig. 100-4) there is no 
essential alteration in the antennae and the mandibular palp beyond a rich<r 
provision of setae ; on the other hand, on the first maxilla {Afx') four masticatory 
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blades have developed, the upper one (endopodite) already showing the formation 
of a terminal joint. Behind these limbs a new rudiment {Maf') can be made 
out occupying the space between the first maxilla and the first pair of feet ; this 
is the nidiment of the second maxilla which arises as a curved triangular plate 
after the first pair of feet has already appeared. Tlie second pair of feet is still 
wanting, but the posterior end of the body is now marked by the developmeot 
of two furcal setae. 

The fifth larval stage (Fig. 100 B) is distinguished by the further development 
of the second maxilla {MtT), which now appears as a four-jointed limb directed 
backwards and carrying on its basal joint a projecting masticatory blade. It is 
an interesting fact that these limbs, during the ontogenetic stages of Cyprus 
not only resemble legs, but function as such, a condition which is retained 
throughout life in the CytJi^ridae. The two furcal appendages at the posterior 
end of the body are now more distinctly marked. Among the interna) oi^ns 
we must mention the development of the hepatic tubes (Z), which extend into 
valves of the shell, and the first appearance of an oi-gan lying below the eye and 
regarded by Claus as the shell-gland (Fig. 101, SD), 

The sixUi stage (Fig. 101) is characterised by the appearance of the last 
(second) pair of feet (/^'). The second maxilla has become transformed by the 
increase in size of its masticatory blades and the diminution of its leg-like palp. 
The anterior pair of feet, until now somewhat undeveloped, has several joints. 
Tlie i^osterior (last) pair of feet essentially resembles the rudiments of the limbs 
which precede it as found in earlier stages. The caudal fork already approaches 
its adult form and terminates in two strong hooked setae. 

In the severUh stage, which in the structure of the limbs shows the adult 
condition, the rudiments of the genital apparatus are recognisable. Among the 
alterations which have taken place in the limbs, the development of a small 
leaf-like appendage (exopoditc) on the basal joint of the second maxilla, and the 
segmentation of the last pair of feet, deserve special mention. 

In the eighth stage, the development of the genital rudiment progresses, the 
way being prepared for the development of sexual differentiation, while the 
ninth and tenth seem to be stages for the development of sexual maturity. 

The Ct/fhendae, according to Zenker, hatch at a stage more or less 
comparable with the fourth stage of the Qypridae, Besides the two 
pairs of antennae, the mandibles and the first maxillae have appeared 
and are somewhat advanced in development. The rudiments of the 
two pairs of feet seem to be present hehind the above. The 
mandibular palp still functions as a locomotory organ. 

In Ctjpridina, whose eggs, like those of the Ct/theridae, pass 
through their embryonic development between the valves of the 
mother, the shell undergoes changes of shape resembling *^^ 
pointed out in connection with the young form of Oypris- The 
compound paired eyes appear early. Embryos just before hatc^^^K 
possessed the furcal pro-appendages, but were without the t^^e 
posterior pairs of appendages (the first pair of feet, the cleaning ^^ot, 
and genital prominence). It is probable that the larva leaves the egg 
very nearly resembling the adult in shape (Claus, No. 33). 
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In the Hatoei/pridae also metamorphosis has almost disappeared, 
the young when hatched heing apparently already provided with all 
the limhs, and only being distinguished from the adult by the 
immature condition of the sexual organs, the small number of furcal 
hooks, and the slight development of the sexual characters (Claub), 

5. Oinlpedia. 

The Cirripedia, which have been modified in a remarkable manner 
in connection with their attached mode of life, have often been 
placed in close relationship with the Gopepoda, in accordance with 
the views of Glaus (No. 8). We must, however, in consequence of 
the presence of the so-called Oypris stage (with a bivalve shell) which 
occurs in their metamorphosis and brings about the transition from 
the free to the attached life, assume for them a similarly-shaped 
ancestral form, which we must then seek among the Phyllopoda. 
Since the correspondence in structure and development between the 
Cirripedia and the Gopepoda may also be explained as the result of 
adaptation in a similar direction (convergence), and as, on the other 
hand, the shell in the Gopepoda has undergone great reduction, 
these two orders of Grustacea appear to us to be independent 
derivatives of the primitive Phyllopodan stock. 

The metamorphosis of the Cirripedia begins with a true NauplitLS stage, 
characterised by the possession of the so-called frontal horns* and of a usually 
triangular dorsal shield. The series of Nauplius stages proceeding one from the 
other through several moults, ends in a Metanauplius in which can be recognised 
the rudiments of the paired eyes, a fourth pair of limbs, and the subsequent six 
pairs of thoracic limbs. Another moult and the larva appears in the free- 
iwimming Oypris stage which, after attachment, prepares for the transition into 
the adult This latter proceeds, after a further moult, from the attached OyprU 
Uage (jnipa), 

A. Thoxacica. 

The series of Nauplii belonging to the BcUanidae (Fig, 102 A) are, 
as a rule, simpler in shape than the much larger spined Nauplius of 
Lepas, so that we shall commence with a description of the former. 
The body shows no trace of external segmentation, and ia covered 
doTsally by a flat^ triangular or somewhat oval shell, which, at 

* We must here point out that the possession of frontal horns is not a 
universal distinctive feature of the Cimpedian Nauplius, Such horns are, 
for instance, wanting in the Nauplius of Laura Oerardiae (p. 229), and in a 
Rhizocephalan, found by Sluibr, jsarasitic on an Ascidian {Sp?iaerothylacus 
polycarpae). They are also wanting in that remarkable pelagic larva, of whose 
systematic position we are still doubtful, which was obtained at Mindanao and 
at first thought by Willimoes-Suhm to be the larva of LimtUus, but was later 
considered to be a Cirripede larva (No. 63). 
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the lateral angles 
of its frontal mar- 
gin, is produced 
out to form the 
"frontal horns" 
(/<). The posterior 
end of this dorsal 
shell appears at 
first to be rounded, 
but at a later stage 
may have a pair 
of spines directed 
backwards and 
upwards. Each 
of the frontal 
horns contains a 
style-like process 
(Claus, No. 8), 
while in the sheath 
that covers this 
are found the 
openings of two 
large and several 
smaller unicellular 
glands (Fig. 102 
B, dr, Claus, No. 

8; WlLLBMOKS- 

SuHM, No. 62). 
This is probably 
a protective appa- 
ratus and no* * 
sensory organ. 
The posterior end 
of the body (tho- 
raco -abdominal 

section, Fig. 102 
^,/) projects freely 
out beyond the 



Fio. 102.— Larval Btages of Balaniu (after Claus). A, older Nauplius staRe. B, ^***J*^s»l 
«', flrat, o", gecond antenna; a/, anus ; dr, glandular cells of the frontal horns; »*»-^^-t»l 
caudal spine ; fl-/yr, first six pairs of thoracic limbs ; /«, frontal sensory organ: Jj. "JLjj^ 
horns; rnd, mandible; mx, rudiment of the maxilla; ol, upper lip; «, thoraco-^tw*^ 
api)endage. 
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dorsal shield and terminates in a caudal fork. The anal aperture 
ipf) lies somewhat far forward on the dorsal side of this part of 
the body. Between it and the posterior edge of the dorsal shield 
there arises from the dorsal side of the thoraco-abdominal section 
a large spine running backwards and ending in a sharp point (the 
60-called caudal spine, ds). 

In later stages, on the ventral side of thoraco-abdominal region, in 
front of the caudal fork, are found a pair of thorn-like processes 
repeating the shape of the larger caudal fork, and in front of these 
another smaller pair. These thorn-like processes which, in some 
forms, are still more developed, may produce the appearance of 
segmentation on the thoraco-abdominal section, but cannot be 
regarded as indicative of a true segmentation of that region of the 
body. 

In the anterior region of the body, the unpaired Nauplius eye 
which is closely applied to the brain is always distinctly perceptible. 
The oral aperture is overhung by a large helmet-shaped upper lip 
(oZ), which, by its form, recalls the upper lip of the Phyllopodan 
larva. The limbs show the structure typical of the Nauplius stage, 
and, in the first stages, often appear only indistinctly jointed, while 
in the later stages the joints are more numerous and more distinct. 
The most anterior limb (a', first antenna) is invariably uniramose, 
and its distal portion is beset with swimming setae. The second and 
third limbs (a\ md) are biramose. The longer exopodite consists of 
a large number of closely crowded joints beset with swimming setae ; 
the shorter endopodite has fewer joints. The protopodite in both 
these limbs carries several masticatory hooks directed towards the 
oral aperture. 

The later stages are characterised by the gradual increase in size of 
the body, by the appearance of the above-mentioned spinous processes 
on the dorsal shield and in the thoraco-abdominal region, and above 
all by the presence of a paired frontal sensory organ (/«), which here 
-develops in the form of two filamentous processes inserted near the 
Nauplius eye. Among the internal organs, besides those already 
mentioned (eyes, brain, glandular tubes of the frontal horns), we 
should note the muscles for moving the limbs, the thoraco-abdominal 
appendages, and the alimentary canal. The latter consists of a short 
oesophagus, a wider mid-gut, and a hind-gut opening through the 
-dorsal anal aperture. As to the presence of the antennal gland (in 
the basal joint of the second pair of limbs) which occurs in the 
Entomostracan Nauplii\ nothing is as yet known. 
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The Nauplii of the Lepadidae, when hatched, seem closely to 
resemble the Nauplii of the Balanidae in shape, differing only in 
this one respect, that the long frontal horns are bent backwaids. 
Soon after hatching they undergo a first moult, after which the 
spine-like thoraco-abdominal appendage (ventral spine) and the dorsal 
caudal spine first attain their full length. During later moults, the 
Nauplius grows to a great size (12 mm. long), and is then distinguished 
by a number of accessory structures. In Lepas fascicularis^ seven 
moults take place before the Metanauplius stage is reached. These 
later stages (Fig. 103) show the thoraco-abdominal appendage (/), 
and the dorsal caudal spine (ds) drawn out as long, pointed processes 
beset with small hooks. A similar process (d) has arisen at the 

central point of the dorsal 
shell ; this process, which runs 
obliquely backwards, is known 
as the dorsal spine. At the 
margin of the dorsal shield 
also, besides the frontal homs, 
eight large spine-like processes 
can be recognised, the first pair 
lying anteriorly between the 
frontal horns, and the others 
being distributed laterally and 
posteriorly. Both the dorsal 
shield and the larger processes 
are further beset with a series 
of minute spines, which are 
wanting only on the frontal 
horns. Many of these minute 
spines, as well as the maigmal 
spines of the dorsal shield, are 
found to be perforated and 
connected with the ducts of 
unicellular in tegumental glands. 
On the ventral side of the 
thoraco - abdominal appendage, 
two more posteriorly-placed, immovable thorns can be distinguisned* 
and, anteriorly, six pairs of larger movable spines (x), which do 
not appear simultaneously but successively, each new moult develop- 
ing a fresh pair, until, after the last moult, the full number o 
six is attained. The conjecture, made with some hesitation oj 




Pio. 108. — Larva of Lepas australis {Afxhitoaea 
gigas) (after Dohrn). a, anal aperture; d, 
dorsal spine; ds, dorsal caudal spine; Ti, 
ftt)ntal homs; ol, upper lip; t, thoraco* 
abdominal appendage (rentral spine); x, 
paired movable spines. 
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DoHBN (No. 42) and Willbmoes-Suhh (No. 62), that these pairs 
of spines correspond to the rudiments of the six pairs of thoracic 
limbs in the Oyprts-like larva appears to us somewhat plausible. 
This last stage would then have to be assumed to be the Meta- 
nof^plius stage. 

For more recent observations on the larvae of the Lepadidae we are above 
all indebted to Willemoes-Suhm (No. 62). Dohbn (No. 42) has minutely 
described a large Nauplius larva — probably to be referred to LepcLS australis 
nnder the name of ArcJiizoaea giga9. These stages have, however, absolutely 
nothing to do with the Zoaea larva of the Malacostraca. The development of 
long spine-like processes is a protective adaptation often occurring in pelagic 
animals (cf. the skeletons of the Radiolaria and the spines of the Pluteus larvae). 

In the whole series of Nauplius stages, except the last, there is no 
essential alteration apart from the increase in size of the body and 
the above-mentioned development of thorn- and spine-like processes. 
In the last stage which immediately precedes the Cypris stage 
(MetanaupliuSf Fig. 102 B\ important new rudiments of organs 
appear. With respect to the general form of the body, it should 
be emphasised that the lateral parts of the dorsal shield now already 
begin to bend downwards, and, covering the body laterally, fore- 
shadow in position the valves of the shell in the Cypris stage. 
The three anterior pairs of limbs still bear a general resemblance to 
the typical Nauplius limbs, but already, within the first pair (first 
antennae), the rudiment of the sucking disc so important in the 
Cypris stage can be made out (Krohn, No. 60 ; Willbmobs-Suhm, 
No. 62 ; Glaus, No. 8). This fact affords a direct proof that the 
adhesive antennae of the later stages are actually derived from 
the most anterior pair of Nauplius limbs (Krohn, No. 50; Fb. 
MOllbr). Behind the mandible is to be seen the slightly developed 
rudiment of the fourth pair of limbs ; it is, however, probable, as we 
shall see further later, that we have here the rudiments of two con- 
secutive pairs of limbs {inx) (Metsohnikopf, No. 53 ; Glaus, No. 8). 
The thoraco-abdominal region of the larva has increased considerably 
in size; in it, beneath the Nauplius cuticle, can be recognised the 
rudiments of the six pairs of swimming limbs (f^-f^^) of the larva 
(thoracic limbs), as well as the caudal processes of the short abdomen 
(furcal processes) (Krohn, No. 50; Glaus, No. 8). Another im- 
portant point is that in this stage, near the Nauplius eye, the paired, 
movable compound eyes (Fig. 102 B) already appear as rudiments. 
In this Metanauplius stage, therefore, all the more important organs 
and limbs of the C7^/>m-like larva are formed, and the larva itself. 
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by the casting of the Metanauplius integument, emerges from the 
preceding stage. 

The free-emmmtng Cypris stage (Fig. 104), which is only of short 
duration, derives its name from the bivalve shell that envelops the 
whole body. The actual segmentation of the body and the inner 
organisation have nothing in common with the Ostracoda. In 
respect to these the larva at the Cypris stage already very nearly 
approaches the adult. The two shell-valves which can be brought 
together by an adductor muscle, are directly continuous dorsally. 
The dorsal border appears arched, whereas the ventral edge is 
flattened. Anteriorly they are rounded, but run out to a point 
posteriorly. In the anterior section of the valves, near the ventral 
side, a small projection may be remarked on which can be recognised 
the frontal horn of the Nauplius. The ventral margins of the shell 
are closely approximated in the middle of their length. Posteriorly, 
a fissure opens between them for the passage of the swimming limbs 

of the larva 
(r/), and there is 
also an anterior 
aperture through 
which the first 
antennae, the 
adhesive organs 
(/), are protruded. 
The latter limbs, 
mihehe^ Cypris 
stage, are used 
for the occasional 
attachment of 
the larva, which 

precedes and prepares the way for the final attachment. They consist 
at this stage of four joints, the basal joint joining the body by a broad 
base, and carrying various chitinous ingrowths (apodemes) for the 
attachment of muscles. The second joint, which is lengthened like 
an arm, is bent at an angle to the basal joint The short third joint 
carries at its outer side the adhesive disc, at the centre of which the 
duct of the cement-gland opens, while the truncated fourth joint 
seems to be provided with one ordinary and one large olfactory seta 
(Claus, No. 39 ; Willbmobs-Suhm, No. 62). 

The cement-gland (Fig. 105, cd) shows various degrees of develop- 
ment in the Cypris larva. In the pupal stage which follows, it 




Fio. 104.— Cvpr{«-like stage of Ltpas JascicularU (after Claus, ftrom 
Lang's Text-book), tia, Nauplius eye ; ]xt, paired eye ; r/, thoracic 
(swimmlDg) limbs ; ab, abdomen ; 2, first antenna. 
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shifts to the base of the eye-stalk formed from part of the head of 
the larva, and here takes the form either of a closely-packed coiled 
gland (Lepas pecHnata), or else of widely scattered cells connected 
only by the efferent duct. On account of its structure, the cement- 
gland must be regarded as an accumulation of unicellular glands on 
a much-branched common duct, the single glandular cells being sessile 
on this duct, like grapes. 

We are still very much in the dark as to the genesis of this gland and its 
morphological derivatioD. Attempts have been made to derive it from one of 
the two typical pairs of Crustacean glands (antennal and shell-glands), although 
such a homology is attended by considerable difficulty on account of the aperture 
of the gland occurring on another limb. Claus (No. 8) finds, within the shell- 
fold of the free-swimming Cypris stage of Lepas australis, a coiled gland-like 
cell strand, and is disposed to homologise this with the shell-gland of other 
Entomostraoa, while he coxgectures that the cement-gland which is recognisable 
in later stages is derived from this cell-strand. Willemoes-Suhh, on the 
contrary (No. 62), found, even in the Nauplius stage, a paired glandular mass 
lying at the sides of the upper lip, out of which, according to him, the cement- 
gland develops. While authorities thus hold conflicting views, we shall do well 
for the present to regard the cement-gland as a peculiar structure found in the 
Cirripedia, and to abstain from attempting to homologise it with the glands 
of other Crustacea. 

A great change occurs in the structure of the limbs which 
surround the oral aperture of the NaupUua, The second antennae 
seem altogether to disappear (if they are not to a certain extent, as 
Paoinstsgher (Ko. 58) conjectured, retained in the palp-like 
appendages of the upper lip). The actual mouth-parts, together 
with the upper lip, are already shifted on to a slightly projecting 
oral cone, and appear in the form of three pairs- of truncated rudi- 
ments, in which we recognise the future mandibles, the first maxillae, 
and the lower lip which results from the fusion of the second 
maxillae. In what way these mouth -parts are derived from the 
limbs of the MetanaupUtis stage is still far from clear. The most 
probable view appears to us to be that of Claub (Ko. 8), according to 
which the mandibles are derived from the basal joints of the third 
pair of Nauplius limbs, while the outer segment of the rudimentary 
limbs following these in the Metanaupliua (Fig. 102 By mx) yield the 
first maxillae. The under lip, on the contrary, is said to rise from a 
rudiment on the inner side of this limb. We should thus have to 
assume that^ in this imperfectly developed limb, we have the rudi- 
ments of the first and second pairs of maxillae crowded together. 
McTSCHNiKOFP (Ko. 53) also derives two pairs of limbs from 4;his 
rudiment, but identifies them with the mandible and maxilla of 
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the adult Cirripede, the third Nauplius limb as well as the second 
being supposed to vanish completely. In the more posterior section 
of the body, we find six pairs of swimming limbs (rf), which, in 
their structure, strikingly recall the thoracic limbs of the Copepoda, 
and are also similarly used as swimming feet. Each of these consists 
of a two-jointed basal segment provided with an exopodite and endo- 
podite, each of these, again, being composed of two joints and clothed 
with long swimming setae. Posteriorly, the body terminates in a 
short abdomen {ah) composed of four segments, the last of which 
ends in two furcal appendages bearing long setae. 

With regard to the iDtemal organs, it should be mentioned that, at this stage, 
sac-like outgrowths of that enlargement of the intestinal canal whicli is called 
the stomach begin to appear: these develop into the so-called livei*; fui'ther, 
that the rudiment of the ovaries is to be seen in the shape of paired tubes 
situated ventrally in the cephalic region. 




Pia. 105.— Pupa of LtpoM pedinata (after Claus, from Lako's Text-book), va, Nauplins cj-^ ; 
jM, paired eye ; r/, Uioracic limbs (with the tendril-like— cirrlform— feet beginning to fonn 
inside) ; o, mouth ; d, intestine ; L, liver ; «m, adductor muscle ; sc, scutum ; t, tergum ; on, 
carina ; cd, cement-gland ; I, first antenna with the sucking disc. 

The free-swimming C^rpm-like larva, after becoming finally 
attached, gives rise to the fixed Oyprts-Uke larva (Fig. 105) of 
the Cirripedia. As, at this stage, the larva ceases to feed and 
loses all power of locomotion, while important external and internal 
changes are going on in the body beneath the cuticle of the Cypris 
stage (as if beneath a pupal integument), this stage has been well 
called the pupal stage (Cy^iVlike pupa). From this, by the casting 
of the cuticle of the Cypria-VikQ stage, proceeds the young 
Cirripede. For details as to the processes through which these 
transformations are brought about, we are indebted chiefly to the 
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observations of Darwin (No. 40), Pagbnstbchbr (No. 58), and 
Claus (Nos. 39 and 8). 

The larva attaches itself firmly with the sucking discs found on 
the first antennae and by means of a sticky fluid secreted by the 
cement-gland. At first the whole of the ventral surface is in contact 
with and parallel to the surface of attachment (Fig. 106-4 and B). 
The changes which first attract attention are certain processes of 
growth by means of which different parts of the body approach the 
final shape. For example, the mouth-parts at the top of the buccal 
cone, which until now were very rudimentary, become distinctly 




Fio. 106.— Diagrammatic illnstration of the metamorphosei of Lepas. A, CyprU-Vike stage. 
B, attached pupa. C, yoang Lepas stage, still sorroanded by the loosened Cypris shell (<). 
a', flrat antenna : a5, abdomen ; c, carina ; d, intestine ; m, month ; o, impaired eye ; pa, 
paired eye ; r/, thoracic limbs ; «, Cypris shell ; 9c, scutum ; f, tergum ; x, reflection of the 
dorsal integument ; y, ventral fold. 

developed ; in the Lepadidae the principal feature in this process is 
the great increase in size of the upper lip. The thoracic limbs also 
elongate and become (Fig. 106 B) the rudiments of the tendril-like 
feet (rf). All these parts develop under the somewhat loose Cypris 
cuticle. The long tendril-like feet naturally have not the room 
necessary for development in the short envelope of the thoracic 
limbs of the Cypris stage, and therefore become much curved, and 
even press back into the thorax (Fig. 105). The abdomen degenerates 
almost completely, while from its base (genital segment) the unpaired 
penis projects as an outgrowth. 
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While these proce&ses of growth are taking place, the whole 
thorax undergoes a significant change of position (Fig. 106 ii and B). 
Whereas, in the earlier stages, the thorax lay almost parallel to the 
ventral surface, it now rises into a more perpendicular position with 
regard to that surface, so that the anal aperture no longer lies behind 
the oral aperture, but above it. Simultaneously with this change of 
position, a sharper distinction arises between the thorax and the 
cephalic region, the point (x) at which the wail of the thorax unites 
with the surface of the mantle shifting ventrally (c/. the position of 
X in Fig. 106 Ay with its position in Fig. 106 B). 

Meanwhile many changes take place in the anterior cephalic region 
of the pupa, these being preparatory to its transformation into the 
stalk of the adult form. The broad basal joint of the adhering 
antenna first completely fuses with the head and is taken up into 
the latter, so that the adhesive antennae of the adult Cirripede each 
consist of only three joints. Further, somewhat behind this pointy 
a deep infolding of the surface of the body occurs (Fig. 106 By y), ao 
that that portion of the head which forms the stalk is at this stage 
sharply bent on itself. 

This fold arises by the withdrawal of the .stalk-integument from the eaticle of 
the Cypris larva. Some of the important organs of the larva, however, which 
are not to be taken over into the adult, remain attached to that oaticle. The 
chief of these are the paired eyes (the Nauplius eye, however, passes over into 
the adult Cirripede and is retained throughout life), and the chitinous processes 
called by Darwin the apodemes, which served for the attachment of the 
antenna! muscles and are cast off in the moult which follows. These details are 
not represented in the figure. 

The most important change which now follows is in the position 
of the larva and the lengthening of the stalk which is connected 
with it. By an opening out of the fold above mentioned, the hirva 
now rises from the surface of attachment, its ventral surface standing 
at right angles to the latter. At the same time the stalk passes out 
from between the shell-valves of the Cypria stage (Fig. 106 C), and 
lengthens to form the adult peduncle. 

Darwin (No. 40) pointed out the fact that the part by means of which the 
attachment of the larva at first takes place docs not correspond to the frontal 
extremity of the body, but to the most anterior portion of the ventral surface 
Only after the upright position has been assumed does the frontal extremity 
come into contact with the surface of attachment, to which it is glued by & 
secretion. In Crytopkialus, on the contrary, and also in Alcippey Lithoirya^ and 
Anelasma, this part is not firmly attached, but grows out further. This further 
growth can only take place when the substratum can give way correspondingly* 



Digiti 



zed by Google 



THORACIGA. 219 

In Anelagma, the sabstratum is affected by simple pressure, but in the other 
forms just mentioned by a boring action of the stalk. 

The passage of the stalk out of the Cypris shell is rendered possible by the 
fact that the latter at this stage surrounds the body very loosely. Whereas, in 
the Oypria stage, the whole of the cephalic region is contained within the bivalve 
shell, in the adult, the anterior part of that section (the stalk) is not covered by 
the shell, here, as in the Cladocera, only that part of the head which carries the 
mouth-parts being included within the shell. We may imagine this change to 
have arisen at the time when the stalk grew out by a secondary flattening out of 
that anterior part of the mantle-fold which, in the Cirripede pupa, covered the 
most anterior part of the head. 

The adult Cirripede shell now appears more distinctly beneath the 
Cypris shell, and in it can be made out the first rudiments (primary 
valves, Darwin) of the five calcareous plates (scuta, terga, and carina, 
Fig. 106 Cy 8Cy t, e). These primary valves are distinguished by 
their sieve-like sculpturing, which is caused by the boundaries of the 
matrix-cells remaining evident in the calcareous secretion. The 
surfjices of the valves are covered by a thin cuticle. The primary 
valves do not directly increase in size, but new calcareous layers 
are continually being secreted below them, and these attain a 
size greater than that of the original valves. In a superficial view 
of the primary valves, they are now seen to be surrounded by 
concentric lines representing the subjacent calcareous layers. By 
this method of increase of the valves, the non-calcareous parts of 
the shell which spread out between the valves become more and 
more circumscribed, but in some cases these intermediate spaces are 
retained to a considerable extent (Conchoderma), It should be 
mentioned that in those forms which have a large number of 
valves, only the five primary valves are at first formed. 

The metamorphosis of the Btdajiidcte, in the first stages, resembles that of the 
Lepadidae, Here also the Cypris pupa gives rise to a young form attached by a 
short fleshy stalk. Only later does the broad base characteristic of the Balanidae 
develop and fomi that external secondary mantle- fold, within which the upper 
part of the mantle which carries the scuta and terga appears like an operculum. 
The first rudiments of the shell are here membranous, and the sculpturing 
mentioned above, which is characteristic of the Lepadidae, is wanting. 

While the external form of the adult is reached in this manner, the inner 
oi^gans are also undergoing important changes, some of which are as yet little 
underatood. Some oi^^ns are cast off at ecdysis (paired eyes, antennal apodemes), 
others simply degenerate (antennal muscles). Meantime the hepatic outgrowths 
appear in the intestinal canal. The cement-gland increases considerably in size, 
and the genital organs show special development. The ovaries undergo their 
characteristic displacement, shifting to a position within the stalk. 

The moult which follows, and in which the cuticle of the Cypris stage is cast, 
doses this period of development In the moult, the outer cuticle of the two 
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shell- valves is cast first, the thorax and the inner mantle-cavily losing thdr 
cuticle later. 

In most of the Thoracica, metamorphosis seems to ran the course aboye 
described. Only in individual cases is it more abbreviated. Thus, accorduig to 
KoREN and Danielssen (No. 48), the larvae of Anelasma squalieola pass 
through the greater part of their metamorphosis within the mantle-cavity. 
EossMANN, however, describes the Nauplii of these forms whose larvae, aooording 
to the al>ove authors, when hatched, are provided with six pairs of limbs. 
Paoenstecher has rightly connected this feature with the attachment of 
Anelasma to sharks. Still more abbreviated is the metamorphosis of SealpeUum 
Strdmiiy the Cypris stage of which, surrounded by the Nauplius cuticle, was 
found by Hoek (No. 45) even within the egg-envelope. 

B. Abdominalia. 

The metamorphosis of Alcippe^ a form which bores into the 
columella of the shells of Fustis and Buccinum (especially when 
these are inhabited by Pagurids) seems to agree in essentials with 
that of the Thoracica. The Nauplii were first described by Hancock. 
The Cypris stage described by Darwin (No. 40) is distinguished by 
the possession of six pairs of thoracic limbs, a fact worth mentioning 
in contrast to the reduced number and shape of these limbs in the 
adult; only four pairs of these are retained, the first as a palp, 
the second biramose, and the third uniramose. 

In Kochlo7'iney which bores into the shell of Haliotis, Noll 
(No. 56) found two kinds of larval forms, a small form provided 
with adhering antennae, but without a mantle, and a larger form 
having a bivalve shell and resembling the Cypris stage. It is 
probable that the metamorphosis here is closely related to that of 
the nearly allied genus CryptopMcdvs, 

The metamorphosis of GryptopIiialuSy first described by Darwin 
(No. 40), is greatly abbreviated. The egg here passes almost direct 
into the Gypris-like larval form. There first arises from the oval 
egg a larva in which two processes can be recognised as the rudimenta 
of the adhering antennae. A third process indicates the postenor 
end of the body. At a later stage, the adhering antennae are ap- 
proximated, while the body assumes generally a more pointed egg-like 
shape. From this stage the Cypris form emerges, in which can be 
distinguished the mantle-fold, the paired eyes, and the well-developed 
adhering antennae. The rudiments of the thoracic limbs are here 
wanting, but three pairs of setae are found on the abdomen. These 
larvae creep about by means of the adhering antennae in the mantle- 
cavity of the mother, and finally change into the adult form. For 
the development of the stalk in these forms, see p. 218. 
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0. Ehizocephala. 

The free-swimming stages of the Rhizocephala (Nauplivs or Cypris 
stage) were early observed by Fr, MOller (Xos. 54 and 55), 
KossMANN (No. 49), and others. The later transformations, on the 
contrary, which bring about the transition from the Cypris stage 
to the parasitic form, were first observed by Dblage (No. 41) in the 
case of Sacculina carcini. We shall, therefore, in our description, 
follow the statements of Delagb. 

The Naupliua of Sacculina carcini leaves the egg with a more or 
less compact form, but by a moult which follows soon after hatching 
attains a greater length (Fig. 107 -4). Otherwise it shows the normal 
Cirripede type. The two frontal horns with their glands {gl) are 
well developed, as also are the filamentous frontal organ (/«) and the 
Nauplius eye (wa), lying close to the brain. As a remains of the 
labrum a projection is found which is known as the rostrum] on 
the other hand, the oral aperture, the intestinal canal, and the anal 
aperture are wanting. The intestinal canal is here replaced by a 
large accumulation of food-yolk. The Nauplius limbs (7, ^, 3) are 
developed in the typical manner, but the protopodites of the two 
posterior pairs are without the masticatory hooks usually found on 
them. A median mass of cells lying within the body between the 
brain and the rostrum is assumed by Delage to be the ovary {pv), 

Fritz MCller asserted the presence of a broad, oval, dorsal shield in the 
Nauplitis of Sacculina, Kossmann, however, has pointed out that MCllbr's 
figures are of larvae about to undergo ecdysis, in which the Nauplius cuticle is 
no longer in contact with the body. 

The most important change found after a third moult is the 
farther growth of the thoraco-abdominal region of the Nauplius, 
in which the six thoracic segments, with the rudiments of their 
limbs, soon appear distinct from the abdomen. At the same time 
the most anterior limbs begin to assume the character of the adhering 
antennae (Metanauplius stage). 

By the fourth moult the free Cypris stage (Fig, 107 B) is reached. 
In this moult the biramose limbs of the Nauplius stage are entirely 
cast off, and not only do the chitinous envelopes of these limbs 
adhere to the cast skin, but it appears that even some of the soft 
parts are thrown off in the moult. The Cypris stage in which, as in 
the former stages, there is no trace of an alimentary canal, closely 
resembles in form the similarly-named stage in the Thoracica. The 
bivalve shell has almost the same shape; the segmentation of the 
thorax, the form of the swimming limbs (I-VI) are in agreement. 
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The abdomen (ah) is very rudimentary, consisting of a single joint 
bearing two f ureal appendages. The first antenna (i) is without 
sucking disc and cement-gland. It consists of three joints : a basal 
joint which is broadened and connected with the chitinous apodemes, 
a long middle joint, and a short, terminal joint provided with three 




Fig. 107.— Consecutive larval stages of Sacculina careini (after Dblagb, ftora Land's Te^-hook). 
J, Nauplius after the first moult. B, ftee-swimming Cypris stage. C, CyprU stage after the 
larva has become attached to a seta (&&) of the host. D, formation of the Kentrogon larva. £, 
the KentroqoK larva after the Cypris shell has been thrown off and the arrow has formed. 
F, the arrow has bored through the chitinous cuticle of the host. 1, f, 5, the three pairs 
of Nauplios limbs ; I-VI, thoracic limbs ; ab, abdomen ; &&, seta of the host ; /, fkt globoles ; 
/«, ftx>ntal sensory organ ; gl, glands of the fh)ntAl horns ; ov, rudiment of Uie ovary ; nT* 
arrow ; ua, Nauplius eye. 

hooked setae. The Nauplius eye (ua) persists, but the paired eyes 
are absent. Among the internal organs present at this stage, we 
note the very distinct ovarian cell-mass (ov), the strongly-developed 
musculature, the persistence of the glands of the frontal horns ((jl\ 
and the accumulations of pigment and of food-yolk (/). 
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The next stage which we may compare with the pupa of the 
Thoracica is called by Delaob the Kentrogon stage. In this stage 
the attachment of the larva to the body of the host (Carcinus maenas)^ 
and its passage into the body-cavity of the latter are accomplished. 
After the free C^m-like larva has swum about for three or four 
days, it seeks out a host, a young shore-crab (from 3 to 12 mm. 
broad), and attaches itself to one of the integumental setae (hb), one 
of the adhering antennae (i) of the Cypris larva surrounding such a 
seta near its point of insertion (Fig. 107 C7). The point at which 
the larva attaches itself is not, as we should expect^ a prioH^ on the 
ventral surface of the abdomen (of the host), but seems to be in- 
discriminately chosen. Fixation often takes place on the back of the 
host^ or on one of the legs. The next change to take place may be 
described as a moult in which many important parts of the body are 
cast off (amputated). First the soft contents of the adhering 
antennae are drawn in, the apodemes (chitinous tendons of the 
antennal muscles) being at the same time expelled from within 
the body. These latter remain attached for a long time to the 
envelopes of the adhering antennae, which are also retained for 
some time (Fig. 107 D)y as they are of importance in bringing 
about the attachment of the larva to the host. While the soft parts 
are everywhere withdrawn from the chitinous envelope, the thorax 
is protruded far beyond the shell -valves and amputated in toto 
(Fig. 107 C). This can only be accomplished by a somewhat 
extensive rupture of the body-wall, and, through this, remnants of 
internal organs are thrust out into the larval shell and lost. Thus a 
great part of the pigment found in the larva, as well as remains of 
food-yolk, are thrown out, the frontal glands and the whole body 
musculature undergoes degeneration, and the masses of detritus thus 
produced, together with the Nauplius eye, are now eliminated. The 
remainder of the body left after the separation of all these organs 
draws together to form a solid oVal sac (Fig. 107 D\ which soon 
becomes surrounded with a chitinous envelope. This latter is closely 
contiguous to the sac; only at its most anterior end, that turned 
towards the adhering antennae, it can be noticed that the soft body 
seems to lie naked against the inner sides of those organs. The 
newly-tformed envelope is in this region probably exceedingly delicate, 
and very closely apposed to the inner surface of the antennae. The 
layers into which the contents of 4;he sac break up are at this stage 
not at all clear. A superficial ectodermal cell-layer can, however, be 
distinguished from the inner mass which, in all probability, is meso- 
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dermal, and the chief constituent of which is the cell-mass of the 
ovary. Besides remains of pigment and food-yolk, other mesodermal 
elements no doubt enter into the formation of this second layer, from 
which are to be derived the rudiments of the testes as well as the 
musculature and other organs of the adult SacctUina, It is important 
to bear in mind that the encysted sac thus produced has been derived, 
after the expulsion of the whole thorax, exclusively from the cephalic 
section of the Cypris larva. 

The soft body of the sac-like larva now begins to develop a small 
fine point at its anterior end (Fig. 107 D\ which protrudes into 

the inner cavity of the 
antenna used for at- 
tachment, and this is 
followed by the secret- 
ing of a new chitinous 
envelope at the surface 
of the soft body (second 
moult of the Kentrogon 
stage. Fig. 107 i^- ^^ 
the new cuticular layer 
thickens considerably 
over this anterior point, 
it forms the arrow-like 
tube which character- 
ises the Kentrogon 
stage. This tube, in- 
creasing in length and 
becoming somewhat 
bent, invaginates the 
anterior surface of the 
sac (Fig. 107 E). At 
this stage the cast oflf 
Cypris shell is either 
only very loosely at- 
tached to the sac, or 
is even completely 
severed from it. 

The protrusion of the arrow now takes place (Fig. 107 F, pf\ the 
invagination just described being re-evaginated. The arrow first 
enters the inner cavity of the adhering antenna, and thence, con- 
ducted by the latter, passes into the soft articular membrane of the 




Fio. lOS.— Two sections through the nucleus of a Sacwlina 
interna (after Del age). A^ younger stage. B, older 
stage, am^ outer inantle-layer ; {«i, Inner mantle-layer; 
m, mesoderm-cells ; o, aperture of the perivisceral cavity; 
ov, rudiment of the ovary ; p^ perivisceral cavity. 
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seta to which the Cypris-like larva attached itself. Through this 
membrane the arrow bores, thas establishiog a communication between 
the inner cavity of the sac and the body-cavity of the host. During 
these processes the soft inner body becomes surrounded with another 
very delicate cuticle (third moult of the Kentrogon stage). 

There is at this point a gap in our knowledge of the development 
of Sacctdina. There can, however, be no doubt that the soft body 




Fio. 109.— Longitudinal sections through two stages of development ot Sacculina camni (after 
DklagbX Ay Saeculina interna. B, Sacculina externa, a, atrium (widening of the ovidact); 
am, outer mantle-layer ; b, brood-cavity (mantle-cavity) ; fi, basal membrane ; C, central 
tumour ; ei, cloacal opening ; D, intestinal wall of the host ; dr, glands of the ovarian sac ; 
/, aperture of the perivisceral cavity ; g, ganglion ; im, inner mantle-layer ; L, body- wall of 
the host; ov, ovary; p, perivisceral cavity; pe, perivisceral ectodermal layer; i2, root- 
procesaes (some in cross section) ; t, rudiment of testes. 

of the larva passes through the canal of the arrow, so as, in this way, 
to reach the body-cavity of the host. The Sacculina thus becomes 
an endoparasite (Sacculina interna). 

Q 
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Saccultna interna. The endoparasitic larva now wanders from 
the point at which the attachment of the Cypris larva occurred, 
further into the host, until it reaches the ventral side of the intestinal 
canal where its final fixation takes place. At the same time it sends 
out an exceedingly wide-spread network of rootlets which penetrate 
throughout the whole body of the host, covering superficially all the 
organs and only leaving the heart and the gills unaffected. At the 
point where the actual Saccidina lies, all the rootlets gather together 
to form a plate (basal membrane^ Fig. 109, B), in the middle of 
which can be seen a swelling (central tumour j Fig. 109, C). The 
body rudiment of the Sacculina lies sunk in this central tumour 
as its so-called nucleus. The rootlets, the basal membrane, and the 
central tumour show essentially the same histological structure. They 
consist of a superficial epithelium (ectoderm) and an inner cavernous 
tissue composed of star-like anastomosing cells of connective tissue. 

The nucleus (Fig. 108) is completely sunk in the central tumour, and therefore 
lies in a cavity which is called by Dslaob the periviscercU cavity (p), and which 
opens externally through one small aperture. Even this aperture closes (Fig. 
108, B), to re-appear later in the form of a transverse fissure (Fig. 109, /, fenU 
de sortie). The point at which the nucleus is in contact with the wall of the 
perivisceral cavity is now known as the stalk (peduncle) of the nucleus. 

In the nucleus itself, a superficial ectodermal layer can be dis- 
tinguished (Fig. 108 A) which, near the stalk, passes into the wall 
of the perivisceral cavity. The inner mass of the nucleus at this 
stage consists almost exclusively of the rudiment of the ovary (ov) ; 
but in the stalk there are some mesoderm-cells which are of 
importance in connection with the development of the testes, the 
musculature, the connective tissue, &c. 

Delamination next takes place in the ectodermal layer of the 
nucleus, which divides into two layers that shift apart (Fig. 108 B). 
Into the space between the two layers, some of the mesoderm-cells 
just mentioned wander to yield the musculature of the mantle. The 
two layers of ectoderm which have thus arisen are known as the 
outer (am) and iriner (im) mantle-layers, on account of their relation 
to the future mantle of the Sacculina. A second similar process of 
delamination now takes place in the inner mantle-layer, an inner 
ectodermal layer surrounding the central part of the nucleus being 
thus split off. The latter, as surrounding the future visceral sac, is 
distinguished as the perivisceral ectodermal layer (pe). Between it and 
the inner msuitle-layer there now appears a cavity lined with chitin 
(Fig. 109, b); this is the so-called brood-cavity (caviie ineubatriee). 
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We thus see that, hj changes in the nucleus, the most important 
parts of the hody of the adult Sacculina hegin to be formed ; viz., 
the inner visceral sac, the brood-cavity, and the mantle-fold which 
surrounds it. The visceral sac is not completely encircled by the 
brood-cavity, for, at the point of attachment of the sac, the inner 
mantle-layer passes over into the perivisceral ectodermal layer ; this 
transition point is the so-called mesentery^ which Delagb assumes to 
liave a ventral position in the body. 

Having now obtained a general idea of the development of the form of the 
body in Sacculina^ we must add a few words as to the rise of its most important 
c^rgans. In the mantle region the changes are not great. In the late stages, 
the mantle-cavity breaks through into the perivisceral cavity, and thus arises 
the cloacal aperture (Fig. 109, d), which lies almost opposite the stalk of the 
Sacculina^ but somewhat to the left side of the body. While the ectodermal 
<iell8 of the mantle lengthen to form transverse connective fibres (Fig. 109 B), 
the mesoderm-cells change into longitudinal muscle-strands and the sphincter of 
the cloaca. 

More important alterations occur in the region of the visceral sac. The 
■ganglion (g) liere forms by an immigration of ectoderm-cells, in which not only 
the perivisceral ectodermal layer, but also the inner mantle-layer (by means 
of the mesenterial margin ?) are said to take part. Whereas, in earlier stages, 
the whole inner space of the visceral sac was almost exclusively occupied by 
the ovarian rudiment, numerous niesenchyme'Cells now wander from the stalk 
into the perivisceral sac, surround the ovary, fonning a peritoneal envelope 
around it, and fill the space between the body- wall, tlic ganglion, and the ovary. 
The ovarian rudiment simultaneously breaks up into two lateral lobes connected 
by a commissure. The manner in which the short oviduct arises is not quite 
clear, but Dklaoe believes that he can trace it back to a paired lateral ecto- 
dermal invagination. This latter, widening inwardly, gives rise to the so-called 
atria (a), on whose walls the glands of the ovarian sac (cement glands, dr) 
appear as lateral outgrowths. The vasa de/erentia arise in the same way 
through ectodermal invaginations near the stalk of the viscera] sac, while the 
actual testes {t) are derived from mesoderm-cells which become attached to the 
•ends of these ducts. 

After the Saceulina, completely enclosed within the central tumour 
^in the perivisceral cavity), has in almost every respect attained the 
grade of development of the adult, it rises to the surface of the central 
tumour, passing out through the widened opening of the perivisceral 
cavity (Fig. 109 A, /). . The fold by which this cavity was formed 
now draws back to the base of the stalk and soon entirely disappears. 
An increase in size takes place in the Sacculina after leaving the 
central tumour, and this causes constant pressure on the ventral wall 
of the abddmen of the host (Fig. 109 /?, L) leading to gangrene of 
the part thus affected, and to the consequent formation of an opening 
through which the body of the Sacculina passes out freely, its stalk 
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still connecting it with the basal plate and the network of rootlets 
within the host 

The Saceulina is, by these processes, changed into a Sacculina 
externa (Fig. 109 B). The parts that lie outside of the host now 
become strongly chitinised, there is further increase in size, and the 
stage of sexual maturity is reached. 

The metamorphosis of Sacciilina above described is without doubt 
one of the most remarkable processes of transformation in the animal 
kingdom. The intercalation of a temporary endoparasitic condition 
must no doubt be referred to the protected position thus obtained, 
and, indeed, the whole process of development of this form has 
undergone marked coenogenetic changes. Although, considering the 
unusual simplification in structure of the Kentrogon larva, we may 
not be ontogenetically justified in tracing back the various parts of 
the adult body to those of the Gy/pris-like larva, the consideration 
of other forms (e.^., Anelasma) leaves us not a moment in doubt as 
to how the body of the adult Sacculina is to be interpreted. Such 
consideration would lead us to compare the peduncle of the Sacculina^ 
running out at its base into root-like processes, to the stalk of the 
LepadidaBy the mantle of the Sacctdina to the shell of the latter, 
and the brood-cavity of Sacctdina to the mantle-cavity of the 
Lepadidae, The cloacal aperture would then correspond to the 
shell-cleft in the latter family. This interpretation is supported 
most of all by the similar position of the ovarian sacs in these 
cavities. It becomes probable, on comparison with Andasma, that 
Dblagb'b definition of the mesenterial margin as the ventral side of 
the Sacctdina is actually correct. 

Frequent attempts have recently been made to oppose the Rhi^o- 
cephala to all other Cirripedia as an independent group (sub-order). 
On the other hand, it must be pointed out that they, in the Nauplius 
and the Cypris stage, show such complete agreement with other 
Cirripedes that too great stress must not be laid on changes of 
structure which have evidently arisen secondarily as the result- 
of parasitic life. 

D. Aflcothoracida. 

This group comprises a few forms {Laura Oerardiae^ Synagoga 
mira, Petrarca bathyactidis) which live parasitically in Anthozoa, and 
Dendrogaster astericola^ an endoparasite in the Asteroidea {Solaster, 
Echinaster), In the most important features of their organisation, 
these forms are true Cirripedes, although they claim a special 
position within that group. Laura Gerardiae, thanks to the re- 
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searches of Lacaze-Ddthiers (No. 51), is the member of this group 
which we know best. The animal is surrounded by a large mantle 
which here shows direct relation to the shell-valves of the Cypria 
stage; each half contains between its two lamellae not only the 
hepatic outgrowths of the intestinal canal, but also the ovaries. 
The body proper appears very much reduced, but is still distinctly 
segmented, the mouth-parts are adapted for sucking, the six (or 
five) pairs of thoracic limbs have degenerated, and the abdomen is 
short. It should be mentioned as a characteristic of the group that 
the first antennae are here never used, as in other Cirripedes, for the 
attachment of the body. For the general morphological elucidation 
of these forms indeed, we must compare them not with the adult 
LejHU, but rather with the free-swimming Cypris larva. 

Very little has been made known, up to the present time, of the ontogeny of 
these forms. The cleavage of the egg in Laura seems to resemble that in 
BcUanus, The Nauplii o{ Laura 
show very little similarity with *> 
the typical Cirripede Nauplius, 
on account of the absence of 
the very characteristic frontal 
horns. A small form observed 
by Lacaze-Duthiers, and no 
doubt representing a stage in 
the course of development of 
Laura, may possibly be regarded 
as a complemental male. The 
Cypris stages of Dmdrogaster 
(Fig. 110), however, are known 
(Knipowitsch, No. 47), the 
metamorphosis in this form 
appearing to be abbreviated, no 
free Nauplitis stage being passed 
through. The larva, in which 
an anal aperture, as in the adult, 
is wanting, bears a general re- 
semblance to the Cypris stage 
of the Cirripedia. Both the single and the compound eyes are, however, 
wanting. A very large olfactory filament (a') is developed on the first antenna. 
There are five biramose pairs of thoracic limbs ; the first abdominal segment 
carries the rudiment of a penis (p). The abdomen, {ab) which is distinguished 
by its length, consists of five joints and the furcal appendages. 




Fig. 110.— Free-swiDiming Cypris stage of Dtndogcuter 
astericola (after Kmipowitsch). a', fint antenna ; ab, 
abdomen ; d, intestine ; m, buccal cone ; h, nervous 
system ; p, rudiment of penis. 



E. The Morphological Derivation of the Complemental Male. 

The sexual differentiation of the Cirripedia is very complicated 
and difficult to explain. As a rule the Cirripedia are hermaphrodite. 
We shall not err if, considering the almost universal separation of 
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the sexes in all othelr Crustacea, we regard this hermaphroditism as 
secondarily acquired in consequence of the attached manner of life. 
We must assume that the free-swimming ancestors of the Cirripedia 
were of separate sexes, and that hermaphroditism was only gradually 
acquired after the fixed sedentary mode of life had become fully 
established as a characteristic of this group. While, in the Balanidae 
and Rhizocephala, hermaphroditism has become the exclusively 
prevailing condition, there is a tendency in many groups of the 
Lepadidae to retrogression- in the direction of the separation of 
the sexes. Male forms here appear either side by side with herma- 
phrodite individuals, being then called complemental males, or else, 
in cases of the complete separation of the sexes, in company with 
true females. These complemental males are always smaller than 
the hermaphrodite individuals or the females; they are found 
attached parasitically to the bodies of the hermaphrodites or females. 
In isolated cases, the shape of the body in the male deviates only 
slightly from that in the hermaphrodite (Scalpellum vUlosum and 
S. Peronu)y but in other cases there is striking sexual dimorphism 
in this respect, the male undergoing a process of degeneration in 
which the calcareous portions of the skeleton, the limbs, the mouth, 
and the alimentary canal have been lost, thus sinking to a very low 
grade of organisation, and becoming actually a dwarf or complemental 
male. The following degrees of degeneration of the male are found 
in the genus Scalpellum (Hoek, No. 46). 

I. True hermaphrodite forms {Scalpellum halanotdes, Hobk). 

II. Large hermaphrodite forms with small complemental males. 

(a) The males resemble the hermaphrodites in structure. 

The division into capitulum and peduncle is recognisable, mouth 
and alimentary canal are present (Scalpellum tdllosum, S. Peronit), 

(b) The males have degenerated; they are without mouth and 
intestine; without a shell, or have only a vestigial shell; without 
a peduncle {Scalpellum vulgare, S. rostratum). 

III. Separate sexes. The female is large and resembles ihe 
hermaphrodite individuals of the other species. The male is very 
small {Scalpellum ornaium, S. regium, Hoek, etc.). 

The Abdominalia {Alcippe, Cryptophialns) show a differentiation akin to that 
of this last group. Here also we find separation of the sexes with highly developed 
sexual dimorphism. The complemental males appear very much reduced. They 
have no tendril-like feet, no mouth, and no alimentary canal. In other respects, 
if we take into account the redaction that has commenced, their structure can 
be traced back to that of the female. 

A condition resembling that above described for Scalpellum is found in the 
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genus Ibl€L In Ibla quadrivalvis^ side by side with the hermaphrodite form, 
there is a small complemcntal male with a large peduncle, but a very reduced 
capitulnm and a diminished number of thoracic limbs, while in Ibla Cumingii 
a similar male is found side by side with a true female, complete separation of 
the sexes being here obtained. 

It follows from the above that, in accordance with Hoek (No. 46), in tracing 
the sexual condition of the Cirripedes, we start from the hermaphrodite form, 
proceeding to others with dwarf males in company with hermaphrodite 
individuals, and reach finally a complete separation of the sexes in which 
marked sexual dimorphism has secondarily developed. The series of oom- 
plemental males, as well as the dwarf males, would thus be derived from the 
hermaphrodite form by the degeneration of the female genital rudiment. It is 
perhaps difficult to imagine how the want of complemental males can in the first 
instance have made itself felt in hermaphroditic forms. But we must bear in 
mind that, according to F. MCllse, cross-fertilisation appears to be the rule 
even among the true hermaphroditic Lfpadidae, This cross-fertilisation is of 
the greatest importance in securing the vitality of the race ; but owing to the 
fixed mode of life of the Cirripedia there is some danger that it may not take 
place. All such danger is precluded by the development of these dwarfed fonns 
living semi-parasitically on the larger hermaphrodites. The dwarfs, by the 
atrophy of their ovaries, have become males, and by the attachment to the 
hermaphrodites ensure cross-fertilisation. We must regard this condition as a 
partial retrogression in the direction of separation of the sexes, which has again 
been reached in individual cases in the further course of this development. 

The view sketched above is in opposition to that of Claus (No. 8), according 
to which the sexually distinct forms {e.g., Aldppe and Cryptophialus) have re- 
tained the primitive condition. From this originally dioecious condition, by a 
transformation of the females into the large hermaphrodite form, the condition 
fonnd in most Lepadidae was developed, while the males were only retained in 
isolated species as complemental males. Consequently the males would be a 
vestigial remainder from those times when hermaphroditism had not yet become 
the rule among the Cirripedia. The occurrence of dwarf males side by side 
with hermaphrodite individuals in a number of forms would be easily explicable 
by this ingenious theory (not, however, in SecUpellum villosum and S, Peronii), 
Hoek, however, has pointed out in opposition to it, that, in this case, the dwarf 
males ought to show a greater resemblance in structure to the Cyprit form than 
they actually do show. The dwarf males in reality appear to be connected by 
gradual transitions with the complemental males of Sealpellum villosum and S, 
Penmii, which latter forms are evidently to be derived from the hermaphrodite 
form. 

The view held by Clavs would apply to the Rhizocephala if the statements of 
Fb. Mt^LLER and Dklaoe were to prove true that complemental males occur in 
these forms which, throughout life, do not develop further than the Cypris pupa. 
Bnt this last view, which rests upon the discovery in the cloacal aperture of a 
young Saeeulina externa of an attached dead Cypris envelope, must still be 
considered doubtful, and has actually been denied by GiABD. 

6. Copepoda. 

The Copepoda are very numerous and rich in varieties of form, 
in spite of the simplicity of their body segmentation; they never- 
theless show morphological characters which, in relation to those 
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of the hypothetical ancestor of the Entomostraca, must be r^arded 
as decidedly degenerate. Among these we must reckon the smaU 
size of the body and the comparatively small number of its 
segments, the reduced form or entire absence of the hearty the 
want of separate respiratory organs (branchiae), the loss of the 
paired lateral eyes, which are retained only in the families Cory- 
eaeidae and PonteUidae^ and perhaps also the slight development of 
the dorsal shield. On the other hand, there are certain indications 
that the Copepoda ought to be counted among the most primitive 
of existing Crustacea. Among these characters we should specially 
mention the use of the two pairs of antennae as locomotory and 
clasping organs, the very primitive structure of the mouth-parts in 
the free-living forms (occurrence of a biramose mandibular palp, the 
segmentation of the first maxilla, Fig. 91 il, p. 194), and the meta- 
morphosis which, in the free-living forms, shows very primitive 
features. 

With regard to the segmentation of the body, we must distinguish 
as the most anterior region of the bodj* a simple cephalic region 
carrying the antennae and the mouth-parts. The latter consist of 
three pairs of appendages (mandibles, first and second maxillae), the 
last pair separating into two appendages (the exopodite which shifts 
forward is called the first maxillipede, the endopodite which shifts 
backwards yields the second maxillipede). The thoracic region con- 
sists of five segments provided with biramose swimming limbs (Fig. 
90 Ay p. 193); the last of these segments may be vestigial, whilst 
the anterior segment often fuses with the cephalic segments, this 
union giving rise to an anterior region known as the cephalo-thoiax. 
The abdomen consists of five segments, the most anterior of which 
alone carries the rudiment of a limb (genital prominence). A fusion 
of the two anterior abdominal segments usually gives rise, in the 
female, to a double genital segment which bears the genital aperture. 

In a few PonUllicUie, the cephalo-thoracio region, by the api.)earance of 
demarcations between the segments, becomes subdivided into regions (each 
consisting of two segments). This peculiarity stands almost alone in the whole 
series of CrustAcea. Such a segmentation can only be regarded as a secondary 
re-appearance of the long-lost independence of the cephalic segment It has, 
nevertheless, a certain interest. 

A. Onathostomata. 

The metamorphosis of the free-living Copepoda is accomplished as 
a very gradual transition from the Naupliua to the adult form through 
many moults. There is, however, at a certain period, a more sudden 
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-change of shape, and this enahles us to separate the course of 
metamorphosis into two periods, the first comprising the series of 
Nauplius and Metanaupltua forms, while the second is distinguished 
by a name taken from the metamorphosis of the Cydopidae as the 
«erie8 of CydopsAWiQ larval forms. In the first series, the Nauplius 
limbs show a general resemblance to the primitive form, the abdomen 
18 not yet distinctly marked off, and the furcal processes have not yet 




Fio. 111.— Larval stages of CeUxihilu* septentrumaHi (after Grobbem, ftroni Lang's Text-book), 
A, Nauplivs. B, Metanauplitis. C, older Metanauplius. I and g, flrst and second antennae ; 
S, mandible ; A, maxilla; 5, 5, exopodite and endopodite of the second maxilla (= flrst and 
second inaxilllpedes) ; /, //, flrst and second pairs of thoracic limbs ; an^ anus ; g, brain ; gz, 
genital cells ; m, month ; me, primitive mesoderm-cells ; o2, upper lip. 

developed. In the second series, these last advances in development 
are made, while the antennae and mouth-parts approach the adult 
form. 

The development of the free-living CJopepoda has been specially 
investigated by Glaus (Nos. 64 and 67). We take, as the foundation 
of our description, the metamorphosis of Cetochilua^ which has been 
minutely described by Grobben (No. 73). The free-living Gopepod 
leaves the egg as a strikingly unspecialised Nauplius (Fig. Ill A), 
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The body, which is usually oval (only in individual cases long, trans- 
versely broadened or barrel-shaped), shows no traces of external 
segmentation, and carries on its ventral side the large upper lip (d), 
as well as the three typical pairs of Nauplius limbs (i, 2, S), The 
anterior limb (first antenna) is uniramose, the next (second antenna) 
biramose and provided with a masticatory hook on the protopodite. 
The mandible in CetockUiLB is without such a masticatory process, 
and is a simple biramose swimming limb. The limbs are beset at 
their ends with long setae. 

In the alimentary canal we can distinguish a stomodaeum, a long 
enteron, and a proctodaeum. The latter, in Cetochilus, in the first 
Nauplitis stage, is still found as a solid ingrowth of the ectodenn, 
the anal aperture not yet having broken through. The nervous 
system is still connected for its whole course with the ectoderm. 
As a sensory organ, we find the Nauplius eye. The coiled antennal 
gland, which is probably developed at this stage, functions as 
excretory organ, besides which the cells of the enteron seem 
to have undertaken an excretory function ; urinary concretions 
have, at least, been proved to exist in certain projecting cells 
in the enteron of the Nauplius of Cyclops (Lbydiq, Fig. 89, d^y 
p. 191). 

The terminal region of the Nauplius is sharply bent ventiallyr 
and provided with two setae. We here find, internally on each 
side, a large mesoderm-cell {me)'y these are assumed by Gbobbbx 
to be primitive mesoderm-cells. 

Later Nauplius stages are distinguished by the greater length of 
the body and by the outgrowth of its posterior region. During this- 
latter process, the more strongly chitinised integument of the dorsal 
parts becomes marked off as the cephalo-thoracic shield by the de- 
velopment of a fold at its margin. The proctodaeum has now become 
perforated, a distinct dorsally-placed anal aperture being apparent 
The brain is connected behind the Nauplius eye with a paired 
ectodermal growth, in which can be recognised the rudiments of 
paired lateral eyes and their optic ganglia (secondary brain); these, 
at a later period, become vestigial. The rudiment of the genital 
organs is to be recognised in large mesoderm-cells lying one on 
each side of the alimentary canal (Fig. Ill B), 

There now appears, behind the mandible, a small biramose limbr 
the rudiment of the first maxilla (4), and the larva passes into the 
first Metanauplius stage (Fig. Ill JB). 

A later Metanauplius stage (Fig. 1 1 1 (7) reveals three more rudi- 
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meiits of limbs, viz., the second maxillae (5), from the two branches 
of which the so-called maxiUipedes of the Copepoda are derived,, 
and the first two pairs of thoracic limbs (/, //). This stage still 
has a distinct Nauplius appearance. The body has grown in length,, 
but still, when seen from the side, shows the characteristic ventral 
curvature. The posterior end of the body is still without the furcal 
processea The two pairs of antennae have not essentially changed 
from their condition in the former stage, except in the increased 
number of their setae. The masticatory hooks are still present on 
the basal joints of the second antennae. In the mandible (3) a 
large masticatory blade can be seen projecting from the basal joint. 
The first maxilla (4) is like a small lobed plate, while, in the second 
maxilla (S), indications of the separation of the exopodite (so-called 
anterior or outer maxillipede) from the endopodite (so-called posterior 
or inner maxillipede) are to be seen. The rudiments of the two 
anterior pairs of thoracic limbs are found as bilobed swellings (/, //). 
At this period, several moults take place, no essential change occur- 
ring in the shape of the larva, beyond the appearance behind the 
second thoracic segment of the rudiment of a third. The whole 
series ends by a moult through which the larva passes on into the 
series of Cydope-likQ stages. 

The first of these stages, wliich, in accordance with the accepted 
terminology of the Copepodan metamorphoses, we shall call the first 
Cyclops stage (more correctly named Cetochilics stage by Grobbbn), 
reveals essential changes of form. The body is no longer flexed 
ventrally, but is straight Its most posterior region is sharply 
marked off from the anterior portion of the body by a constriction ; 
the furcal appendages and the rudiment of a fourth thoracic segment 
have developed. The limbs approximate in shape to those of the 
adult, although they have not so many joints. The first antenna 
has passed from the short leaf- shape into the long, cylindrical, 
oar-like form; it stands out laterally from the body, and consists 
of many joints. The second antenna has remained biramose, but 
has lost its masticatory process; on the mandible, the masticatory 
blade has greatly increased in size. The maxilla is larger and more 
richly jointed, the maxiUipedes have become transformed into large 
prehensile organs. The two anterior pairs of thoracic limbs have 
developed as swimming limbs; the basal segment of each already 
consists of two joints, but the two rami are still unjointed; the 
third pair of thoracic limbs, on the contrary, can only be recognised 
as a pair of bilobed rudiments. 
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Among the transformations which take place in the internal organs dnring 
the Cyclops stages, we must mention the degeneration of the paired optic 
rudiment and of the secondaiy brain. Now for the first time the nerves which 
run to the paired frontal organs are distinctly recognisable. The anteniul 
gland degenerates, while the shell-gland, which opens externally at the base 
of the anterior maxillipede, becomes functional in its stead. The ana] aperture 
no longer lies dorsally, but shifts to the posterior end of the body between 
the two furcal appendages. The genital organs show an advance by an iDcrease 
in number of genital cells and by the development of the efferent ducts. The 
paired genital rudiments now meet above the intestine and fuse to form a 
single gland. The heart develops between the first and second thoncic 
segments out of a paired rudiment of mesoderm-cells. 




Fxo. 112.— Two stages of development of Canthooampttu ftaphylinus (after Glaus). A, Mita- 
nauplius stage. B, Cyclops stage with three pairs of swimmiiig limbs, o', first sntenn*; 
a", second antenna ; md, mandible ; mx, maxilla ; mf, second maxilla (rudiment of the two 
so-called maxillipedes) ; m/i, first so-called maxillipede; m/", second ■o-caUedinsxiUipedt; 
pi, pii, pill, first, second, and third pairs of thoracic limbs. 

In the second Cydope stage (Fig. 112 5), there first appear the 
rudiments of the limbs of the fourth thoracic segment and the 
delimitation of the fifth thoracic segment Thus we find, at thw 
stage, behind the cephalo-thorax, four free thoracic segments, and, 
following these, the as yet unsegmented abdomen. Of the thoracic 
limbs, the three anterior pairs are well developed. In the ihrd 
Cyclops stage, the fourth pair of thoracic limbs has attained full 
development and the first abdominal segment has formed; in ^°® 
following Cijclo278 stages, the gradual segmentation of .the abdomen 
takes place, as well as the complete transition of the limbs to their 
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final shape. Besides the formation of a more richly segmented 
body, in the families of the Cydopidae and Corycaeulae^ the (inner) 
accessory branch of the second antenna is lost as early as the first 
Cyclops stage, and the mandibular palp degenerates. 

The metamorphosis of the Calanidae {Cetochilxia)^ which has here been 
considered as the type, is distinguished by the regular development of the 
limbs from before backwards, but in the Harpactidae (Fig. 112) and Cydopidae 
an exception to this regular order is found in the second maxilla (m/), which 
in the later Nauplius stages has, indeed, begim to form, but is still in an 
exceedingly nidinientary condition, so that the pair of limbs which follow it 
precede it in development We have here a parallel to the condition of the 
m&xilla in the Phyllopoda. 

B. Parasita. 

The free-living Copepoda are connected with the more specialised 
parasitic genera by many transitional forms which mark the various 
degrees of parasitism, and we consequently also find various stages in 
the transformation and degeneration of the segmentation of the body. 
It may be laid down as a general rule that the female, on account of 
the part played by her in reproduction, shows a greater tendency 
to adopt the parasitic mode of life, and consequently to undergo 
degeneration of the locomotory organs, obliteration of the boundaries 
between the segments and deformation of the body. Thus, even in 
the little modified Sapphirinaf we find that the females become 
parasitic in the respiratory cavity of the Tunicata, or in the umbrellar 
cavity of Diphyes^ while the males are always found swimming freely 
about. An extreme example is found in Lernaea (Fig. 114 ^ and J?), 
the metamorphosis of which ends in a Gyclops-like free-swimming 
stage, during which copulation takes place; the female afterwards 
becomes attached to a fish (often one of the Oadidae\ and undergoes 
great deformation of the body (Fig. 114 and D), Heteromorphism 
of the sexes develops in this group, in so far as the male is only 
slightly removed in the segmentation of its body from the later 
Cyclops stages, while the female is greatly transformed in accordance 
with her parasitic habit. The same is the case in the Philichthyidae 
and the Chondracanthidae, In some forms, on the contrary, the 
male also departs from the CydopsAilsi^ shape of the later larval 
stages by a secondary transformation. Whereas, in the Ccdigidae 
and Dichdesttidae, the two sexes are not strikingly different in 
shape of body or size, in the Lemaeopoda (Fig. 115 D and /J), 
the heteromQrphous development of the two sexes takes place in 
a way different from that shown in Lernaea. The males here 



Digiti 



zed by Google 



238 CRUSTACEA. 

participate in the degeneration of the hody- segments as a result 
of their parasitic life, and they further undergo arrest of growth, 
«o that an enormously large female is contrasted with a dwarf male. 
This kind of heteromorphous development of the two sexes most 
be regarded as an excessive adaptation to the different sexual 
functions, which is rendered possible by parasitic life. 

The parasitic forms can be deduced from the free-living forms by 
imagining that the latter have, in consequence of parasitism, under- 
gone certain changes. Thus the parasitic Copepoda first passed 
through Metanauplius and Cyclops stages to a stage approacliing 
the shape of the free-living form, and then, through a series of 
further stages, attained parasitic deformation. The metamorphosis 
of the parasitic Copepoda has thus been lengthened by the addition 
of final parasitic stages. The first two series of stages, however, 
seem to be correspondingly shortened. The larvae of the parasitic 
Copepoda frequently do not hatch in the Navplivs form, but in 
an advanced Metanauplius stage, or even in the Cydops stage (Fig. 
73, p. 148; Chondracanihus, Traehdiastes^ AchthereSj Aiidiordla^ 
Brachiella^ etc.). On the other hand, the metamorphosis may be 
shortened by the suppression of the later Cydops stages, since, in 
cases of the most specialised parasitic forms, the very first Cydoia 
stage passes at once into the parasitic form {Chondraccmtlm^ 
Lemaeopodidae). 

A further distinction between the metamorphosis of the parasitic 
Copepoda and that of the free-living forms arises from the circiun- 
stance that, even in the larval condition, a sedentary manner of life 
(on the gills of a host) is adopted, and that, in keeping with this, 
there is a development of a peculiar attaching organ (the frontal 
band of the larvae in the Caligidaey Leniaea, and Lemaeopoda) and 
of resting stages with reduced limbs (so-called pupal stages). 

It would take us beyond the limits we have assigned to ourselves to give 
a complete enumeration of tlie very scattered notices of individual larval forms 
among the parasitic Copepoda, especially as there are still many gaiM in tbe 
observations made on the development of these forms. We must content 
ourselves with selecting a few of the more important forms, of whose meta- 
morphosis a more accurate knowledge has been obtained. We must here, in 
the first place, sei>arate those larvae which apparently are not provided with 
the larval adhering apparatus (frontal band) from those in which such an organ 
has been observed. 

In those families in which the adult retains more or less of the body seg- 
mentation of the free-living Coi>epoda {e.g., CorycaeidUu and the Notoddphyidat, 
which latter is placed among the Gnathostomata), the metamorphosis api^cara 
not to differ essentially from that above described for free-living forms. In the 
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Chondraeanthidaef on the coDtrary, we find the above-mentioned abbreviations 
•of metamorphosis. The young larvae which hatch from the egg of Chondra- 
mrUhus ffibbosus already show behind the Nauplius limbs the mdinients 
of two other pairs of limbs, and must therefore be described as Metanatiplii 
(Glaus, No. 71). The youngest jiarasitic females remain essentially at the 
level of development of the first Cyclops stage. Of the four distinct thoracic 
segments seen at this stage, only the tis'o anterior ones carry bilobate rudiments 
of limbs without setae, while the |X)sterior region of the body (abdomen) is 
small and divided into two parts. No further Cyclops forms follow these first 
stages, but while the small male remains during life at this grade of develop- 
ment, the female undergoes a secondary transformation, the region of the third 
and fourth thoracic segments increases in size and forms the main portion of 
the body. The large thoracic 
region now becomes transfonfted 
in an extraordinary manner, dorsal 
and ventral swellings and lateral 
projections appearing as secondary 
outgrowths on each of the thoracic 
segments (except the first). 

Somewhat similar phenomena 
are found in the family of the 
Philiclhyidae. Here the larval form 
which hatches from the egg in the 
genus Lemaeasciis is a NauplUis 
with a large provision of food-yolk, 
whose second antennae are without 
masticatory hooks, the adhering 
apparatus (frontal band) being 
absent, as in the Metaiiaxiplius of 
Chondracanthus. The parasitic 
form arises from a Cyclops stage 
in which the thorax and abdomen 
are distinctly segmented, but only 
the two anterior thoracic segments 
show a well -developed nidiment of 
a swimming limb, while the third 
thoracic segment has only the 
vestigial remains of a limb. The 
male retains the shape of one of 

these developmental stages, while the female is parasitically transformed, the 
thoracic region lengthening, while a peculiar development of asymmetrical rows 
of chitinous scales makes its appearance (Glaus, No. 69). 

In the family just described, the ascending series of larval forms docs not 
appreciably rise above the level of the first Cyclops stage, but in the Dichelcstiidae, 
where the body of the adult undergoes less modification, the later Cyclops 
stages are also passed through. The young which hatch from the egg are true 
Nauplii. The frontal band appears to be wanting (?) in the larvae of this 
group. 

An adhering apparatus of this kind is found in the larvae of the Cnliffidae^ 
which, in their earlier stages, strikingly resemble the Cyclops stage (pupae) 
of Lenuua (Glaus, No. 70, see below). The later larvae, which more nearly 




Fro. 118.— Two larval stages of Lemam hranchialU 
(after Claus). A^ first Cyclops stage. £, so- 
called pupal stage, a', first antenna -.a'', second 
antenna ; //, first, //^, second pair of thoracic 
limbfl ; A;, adhesive mass ; oc, eye. 
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resemble the adult in form, but are still distinguished by the possession of 
the frontal band, were described by Burmeistek as distinct forms under the 
name of Chalimiis, Later, however, F. MClleb proved that these forms belong 
to the ontogeny of Caligus, as had already been conjectured by Kroteb. 

The LeniaeicUu are very interesting with respect not only to the parasitism of 
the larval forms, but to the deformation that occurs in the body of the female 
after copulation. The metamorphosis of Lemaea hranchialis has been made 
known by Metzoer and Glaus (No. 70). It is probable that the larva which 
hatches from the egg is a Nauplius resembling that of Achtheres^ in which the 
segmentation of the body of the first Cyclops stage appears to be commencing 
beneath the cuticle. In these stages there is a free-swimming period, daring 
which a search is made for the first host {Platesaa flesus). The youngest forms 
found attached to the gills still show in all respects the segmentation of the first 
Cyclops stage (Fig. 113 A), They correspond to the first stage of development of 
Achlheres. The cephalo-thoracic region is followed by three free thoracic s<^;mentB 
and a posterior unsegroented region carrying the furcal processes. Two pairs of 
well-developed swimming limbs (/^, f^J) can be recognised, one attached to the 
cephalo-thorax and the other to the first free thoracic segment, as well as a third 
pair of ti*uncated limbs (on the second free segment). . The mouth-parts are 
already of the true Siphonostomatous type. The upper and lower lips (labnim 
and paragnatha ?) have fused to form a sucking tube which contains the stjlet- 
shaped mandibles, while the pointed palp-like maxillae are attached to its sides. 
The first antennae (a') are beset with setae, the second antennae (a"), as it'ell as 
the anterior maxillipedcs, are changed into hooks for attachment. The posterior 
maxillipedes have completely degenerated, a point in which this larva differs 
from that of AcfUficres, 

The later Cyclops stages which succeed each other (Fig. 113 B) show decided 
adaptation to parasitic life. A hardened mass of secretion (A:), projecting from 
the head and comparable to the frontal band of the larva of Califfus, brings 
about the attachment of the larva to the gills of the host; this permanent 
attachment precedes the degeneration of the locomotory organs. Almost 
all the limbs, and especially the swimming limbs (/^, f^^, are now uiyointed 
and truncated ; they have no setae and are immovable. These stages in vhich 
independent movement is lost have also received the name of pupal stages. In 
this pupal condition the segments of the body and the pairs of limbs which 
were still wanting are developed. A stage can be distinguished with three pairs 
of swimming limbs and four free thoracic segments ; at this period, in the male, 
the posterior maxillii)ede, until now suppressed, becomes distinct ; then a further 
stage is developed with four pairs of swimming limbs ; this last stage leads 
through another moult to the free-swimming stage in wliich copulation takes 
place (Fig. 114 ^ and B), Apart from the slight segmentation of the abdomen, 
the body shows the full development attained by free-living Copepoda. The 
first antennae (a') are now jointed and beset with setae and sensory filaments, 
the four pairs of swimming limbs (/^, /^^), with their clothing of setae, are 
adapted for active swimming, while in the structure of the second antennae (a*) 
and of the mouth-parts, the Siphonostomatous type is marked. The female 
(Fig. 114 B) is distinguished by a great lengthening of the genital segments, 
which gives the whole abdomen the appearance of a long, vermiform appendage. 
The female genital organs are not yet suflSciently developed for the production 
of eggs capable of fertilisation ; the receptaculum seminis, on the other l»»nd, 
with the two pores (g) for the reception of the seminal masses from the 
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spermatophores, has attained full development. This free-swimming copulatory 
Cyclops stage is the last stage of the male, the fertilised female, however, 
seeks a new host (one of the Oadidae), in which she undergoes marked trans- 
formation of the body 
(Fig. 114 C and D), J[ 
The genital segment, 
which has enlarged 
for the development 
of the eggs, is now a 
large doubly -curved 
portion of the body, 
the small abdomen, 
with its tnmcated 
furcal appendages, 
forming its termina- 
tion. The cephalo- 
thorax is changed by 
the addition of tliree 
horns which function 
as barbed hooks, 
carrying at their 
points fork-like out- 
growths. During 
these transforma- 
tions, the limbs are all 
retained, but ai*e to a 
certain extent trans- 
formed by strong 
chitinisation. 

The remarkable 
form Sphaeronella 
Leuckartiiy which is 
parasitic in the brood- 
cavity of AmphWioi^ 
is connected with 
Lernaea by its 
metamorphosis. 
SALFysKY (No. 80) 
found in Sphaeronella 
an extremely degene- 
rate pupal stage fol- 
lowing the firat free- 
swimming Cyclops 
stage. Neither seg- 
mentation nor limbs 
were recognisable in 
the sac-like body 
which was attached 

by a larval adhering apparatus to the epimeral plates of the host This stage 
led, through gradual transitionary stages, to the adult form. 

The metamorphosis of the Lemaeopodidae is best known through the works 




Fio. 114. — Scxtially mature stage of Lernaea branchialis (after 
Glaus). A^ male, i), female at the copulatory gtage. C and 
D, later condition of the female transformed by parasitism, 
slightly magnified, o', first, a", second antenna ; /'-/'^, first 
four pairs of thoracic limbs ; g^ opening of the receptaculum 
seminis ; mxf, maxlUipede ; oc, eye ; sp^ spermatophoral sac ; t, 
left testis. 



Digiti 



zed by Google 



242 



CRUSTACEA. 



of KoLLAR (No. 77), V. NoRDMANN (No. 79), Glaus (No. 66), Vejdowsky 
(No. 81), and others. Its course in the varioos forms seems to show great 
agreement, so that Achtheres, described by Glaus, may be selected as a type. 
The young animal which hatches from the egg (Fig. 115 ^) exactly resembles a 
NaupliuSj swimming about with difficulty by means of its two anterior pairs of 
limbs (first and second antennae). Gloser examination, however, reveals the fact 
that the body which is hidden within the Nauplius cuticle already shows that 
degree of organisation characteristic of the first Cyclops stage. Not only the 
mouth -parts, but two pairs of thoracic swimming feet {pi^j p^), lie hidden within 
the Nauplius integument. The mandibles {md) and first maxillae {mx) lie as 
small stumps at the sides of the upper lip, which enters into the formation of 




Fig. 115.— Metamorphosia of AeJUkeres percarum (after Glaus. fTom Balfour's Texl-boot). A, 
so-called Naupliiu stage, fi, first Cyclopg stage. C, older stage of t^e male lanra. I>, 
sexually mature female. £, sexually mature male. at\ afl, first and second antennae; 
md. mandible ; nut, maxilla ; pm*, pw', first and second inaxillipedea ; p', pS, first and «econ(l 
swimming limbs ; z, frontal organ ; i, intestinal canal ; o, Nauplius eye ; 6, gland olar body; 
t, organ of touch ; ov, ovary ; /, spine derived from the fused maxillipedes ; y, cement glan<l ; 
rs, receptaculum semlnis ; n, nervous system ; te, testis ; «, vas deferens. 

the adult rostrum. The position of the two maxillipedes {pm\ p»/«^ w of 
interest, in so far as it proves distinctly that they develop as the exopodite and 
endopodite of one and the same limb (second maxilla). Besides the above 
organs, we recognise the future adhering organ in the form of a spirally-coiled 
filament ending in a spherical swelling which grows out from a highly-refractive 
frontal process (s). Glaus considers that this apparently homogeneous filament 
is a tube filled with a fluid secretion, and is the duct of a glandular mass which 
secretes a cementing medium. This first stage which seems to cover tlie whole 
series of Nauplius stages, undergoes ecdysis after a few hours, the laiTS which 
follows possessing the organisation of the first Cyclops stage (Fig. 116 B). li 
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has a long cephalo-thorax, followed by three free thoracic segments and an 
unsegraented abdomen. In the thoracic region, two pairs of well-developed 
swimming limbs {p^, p') and a third rudimentary pair {jj^) can be recognised. 
The first antennae {at^) are cylindrical three-jointed limbs beset with setae. 
The second antennae are still biraraose (a<*), but are already changed into the 
adhering organs of the larva, the longer branch ending in a hook bent like a 
claw, while the shorter branch is beset with papillae. The upper lip has 
united with a channelled lower lip (derived from the paragnatha ?} to form a 
conical sucking proboscis, from the outer sides of which project the short, conical 
mandibles, representing the transition from the masticatory jaws of the Cydo- 
pidae to the piercing stylets of the Parasita ; here also the palp-like first 
maxillae are found. These are followed by the two paire of maxillipedes 
transformed into adhering hooks (|?»n^, jm»'), the outer one already assuming 
a more forward position, and the inner one lying more posteriorly. Among 
the internal organs, the intestine, the Nauplius eye shifted far back, and two 
bean-shaped bodies (d, glands ?) at the sides of the latter can be recognised. 

It is probable that the larva, after a short life of free activity in the water, 
becomes attached as early as this stage to the mucous membrane of the jaw 
of the perch (v. Nordmann). The peculiar adhering organ, however, appears 
to become free, and to be used for its special purpose only after a further moult. 
In this and two other attached stages, which probably follow through further 
moults, the mandibles shift to a position within the sucking proboscis, while 
a redaction in the setae on the swimming feet probably takes place. These 
stages, however, did not come under observation, but in a somewhat later stage 
which was observed (Fig. 115 C), there was already considerable approxi- 
mation in the structure of the body to the adult AcMheres. The body has 
now become almost vermiform, the first thoracic segment having separated from 
the head and having united with the four following segments to form a sac-like 
r^on, at the end of which the small, pointed, furcal appendage can be recognised. 
The antennae and the mouth-parts already esseutially resemble the corresponding 
parts of the adult The frontal adhering organ, with the exception of a vestige 
of its basal section (z), has vanished ; on the other hand, a new provisional 
adhering organ in the shape of a stiff filament (/) has arisen on the outer 
(anterior) maxillipede {pm^) ; this filament starts from the tips of the fused outer 
maxillipedes. It is an interesting fact that at this stage sexual differentiation 
begins to be noticeable. Smaller individuals (young males) have remarkably 
strong outer maxillipedes {prp})^ which are only united at the point of insertion 
of the adhering filament, and carry a strong terminal hook. When this filament 
is thrown off in the next moult, these structures give rise to the anterior maxilli- 
pedes of the male, which remain distinct and function as hooks for attachment 
(Fig. 115 ^. The posterior maxillipedes {pni?) are also very large and each 
carries a small anchoring hook. In the female, on the contrary, the anterior 
maxillijiedes {pm^) are rather long and retain the fused condition, ending in 
a sucking disc (Fig. 115 i?) ; the posterior maxillipedes can in the same way 
be distinguished from those of the male by a large, hook -like, terminal joint 
With regard to the inner anatomical peculiarities of this larval form, we must 
first mention the degeneration of the Nauplius eye, which, indeed, is not 
universal among the parasitic Crustacea. The Nauplius eye is retained in the 
dwarf males of Chandraeanthus and of Lemaeopoda^ as well as in many 
females (e.^., Chondracariihua comutus). In the posterior <^phalic region of 
the larvae under consideration, at the sides of the intestine, there are two pairs 
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of glands derived from tho bean-ehaped bodies above mentionod ; these glands, 
whose efferent ducts open out at the base of the maxillipedes, yield a stiff 
secretion. Between these glandular bodies a dorsally-placed, pulsating organ 
can be noticed ; this is probably a short, sac-like heart. A similar organ has 
been observed in Trackeliastes by Vejdowsky, and in the larva of Lenuua 
by Hesse. The rudiments of the genital organs are already clearly recognisable. 
At the next moult the animal becomes sexually mature. The male does not 
increase in size, but, in the female, the posterior region of the body becomes 
very much enlarged. 

C. Brandiiiira. 

The Branchiura are usually considered to be nearly related to 
the Copepoda. This supposed relationship is based principally on 
the similarity existing between the swimming limbs of Argvlus and 
those of the free-living Copepoda, and on the structure of the 
mouth-parts, which, according to the investigations of Claus, are 
very like those of the parasitic Copepoda (Siphonostomata). Hook- 
shaped mandibles and stylet -like maxillae can be distinguished. 
These appear to be enclosed in a proboscis formed by the fused 
upper and lower lips, together with lateral parts which must be 
regarded as derived from the mandibles. These are followed by two 
pairs of maxillipedes which serve as adhering organs. The view 
that these latter are the two rami of the second maxilla which 
have become independent receives special support from tho position 
of the ducts of the shell-gland, discovered by Claus on the basal 
portion of the second maxillipede. Such a derivation of the maxilli- 
j)edes would constitute a fresh link between these forms and the 
Copepoda. Argvlua^ indeed, shows in the structure of the genital 
organs, as well as in other points of its organisation, some remark- 
able peculiarities, and by the possession of paired, movable, lateral 
eyes and of branched, hepatic tubes approaches the Phyllopoda, so 
that we must probably consider the Branchiura as an offshoot from 
the common ancestor of the Copepoda. 

The eggs, which are rich in food-yolk, and in which the germ-band 
attains a ventral curvature, are attached by the female in rows to 
stones, etc. The young, when hatched (Claus), already greatly 
resemble the adult in shape (Fig. 116), having the same body- 
segmentation as well as the same number of limbs (apart from the 
maxillae). 

The shield- like anterior portion of the body (cephalo-thorax) 
consists of the cephalic segments fused with the most anterior Jimb- 
bearing segment which carries a pair of swimming limbs. Three 
free thoracic segments follow, each having a pair of swimming 
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limbs, and these again are followed by an unsegmented abdomen 
with terminal furcal appendages (in the young form). In the adult, 
these latter have shifted dorsally. The young are further distinguished 
from the adult by the small extent of the cephalo-thoracic shield 
(Fig. 116), which does not yet cover the thoracic segments dorsally. 
The further metamorphosis principally concerns the transformation 




Fio. 110.— Newly-hfttched larva of Argulut foliacnu (after Clads). a', first antenna : a'*, 
second antenna; md, mandible; rndt^ inandibalar palp; m//, first, mf", second inaxilli- 
pede ; p^, pK ^"^ ^<^^^ swimming limbs. 

of the different limbs. In the newly-hatched larva, the first antenna 
(a') is short, three-jointed, with a large hook-like appendage on its 
basal segment. The second antenna (a") is distinctly larger and 
biramose, an endopodite ending in a hook, and an exopodite provided 
with setae being distinguishable in it. In the mandible (md) are 
found a basal segment (masticatory blade), which becomes included 
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in the proboscis, a middle portion forming the lateral wall of the 
proboscis, and a long, palp-like appendage provided with setae 
and projecting freely. This latter, the outer branch of the second 
antenna and the anterior pair of swimming appendages, are the 
most important locomotory organs of the larva. No trace could be 
found in the larva of the stylet-like maxillae which are contained 
within the adult proboscis. The two pairs of maxillipedes terminating 
in hooks {mf\ nif) serve for adhering organs. Of the four pairs of 
swimming limbs (p^-p% only the anterior pair is free and movable, 
and somewhat resembles in shape a biramose Copepodan limb. The 
biramose rudiments of the three posterior swimming limbs are still 
unjointed and immovable. 

During the course of metamorphosis, after several moults, the 
basal hook-like processes of the two pairs of antennae grow stronger ; 
the exopodite of the second antenna and the palp of the mandible 
disappear, while the endopodite of the second antenna, losing its 
terminal hook, is transformed into a simple palp. The large sucking 
disc develops on the first maxillipede. The swimming limbs become 
biramose and are provided with setae, thus resembling the limbs of 
the Copepoda. In the two anterior pairs of these limbs the nidi- 
ments of the inner branches, known as the flagella, appear, while 
sexual dififerentiation is evident in the two posterior pairs, a char- 
acteristic transformation of the protopodite taking place in the male. 

7. Qeneral Consideration regarding the Segmentation of the 
Body and the Metamorphoses of the Malacostraca. 

In the Malacostraca the body consists of three primary regions, 
each of which, in all the divisions of this sub-class, contains a definite 
number of segments. In the anterior cephalic re(jion^ to which 
belong five pairs of limbs (the two pairs of antennae and the three 
pairs of jaws), there is, with few exceptions, no trace of a separation 
into distinct segments. In the thoracic region, which follows 
posteriorly and consists of eight limb-bearing segments, while the 
boundaries of the different segments are still more or less marked, 
only a slight power of movement between the individual segments 
is retained. But in the abdominal region, which consists of six 
limb-bearing segments and a terminal portion (telson), the full 
mobility of the separate segments is, as a rule, preserved, a fact 
connected with the development of the posterior end of the body 
into a swimming tail of great importance for the locomotion and the 
steering of the body. 
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The terga of the cephaHc segments are thickened to form the 
carapace (dorsal shield); this, at its lateral and posterior margins, 
passes into an integumental fold which runs back over the thoracic 
region, and thus covers some or all of the thoracic segments dorsally. 
Only rarely do the terga of the thoracic segments covered by the 
dorsal shield retain any degree of independence (Stomatopoda, Fig. 
141, p. 298, a few Schizopoda and Nehalia) ; in most cases the terga 
of the thoracic segments fuse closely with the integumental fold of 
the dorsal shield lying above them. A fusion of the cephalic and 
thoracic segments thus takes place, forming a common region of 
the body {cephalo-ihorax). In one series of Malacostracan forms, 
however, the marginal fold of the dorsal shield has undergone 
degeneration (Arthrostraca) ; here, as a rule, only the anterior 
thoracic segment fuses with the cephalic region forming the small 
cephalo-thorax of this group. Which is followed by seven free and 
movable thoracic segments. 

The obliteration of the boundaries and consequent loss of move- 
ment between the segments of the cephalic and thoracic regions just 
mentioned has its effect on the condition of the limbs. Only in 
rare cases {Nehalia^ jEuphausiidae) do all the eight pairs of thoracic 
limbe agree more or less in structure. As a rule, one or more pairs 
l)elonging to the anterior part of the thorax enter into close relation 
with the mouth and become modified for the purpose of mastication. 
These are then distinguished as maxillipedes, while the succeeding 
thoracic limbs which serve for locomotion receive, in many groups, 
the name of ambulatory limbs. In the Arthrostraca, only the 
anterior pair of thoracic limbs is changed into a pair of maxillipedes, 
but in the Decapoda there are three pairs of maxillipedes, and in 
the Stomatopoda as many as five anterior pairs of thoracic limbs 
are thus transformed. 

We must assume as the fundamental form of Malacostracan limb 
a biramose swimming limb with basal epipodial appendage, such as 
is retained as a thoracic limb in the Schizopoda. The shape of 
the thoracic limb in Nehalia (Fig. 91 ^, p. 194) suggests to us that 
this form may perhaps have been developed from a more lamellate 
type of limb resembling that of the Phyllopoda. A two-jointed 
protopodite passes into a five-jointed endopodite, while the exopodite 
(flagellate branch), which often undergoes degeneration, frequently 
exhibits a large number of closely-crowded joints beset with setae. 

If we compare the metamorphosis of most Entomostraca (especially 
that of the Phyllopoda) with that of the Malacostraca (p. 193), 
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we find, in the first group, a more gradual transition through 
many moults from the Nauplius to the adult form, while in the 
Malacostraca the metamorphosis has attained a higher degree of 
specialisation, inasmuch as the separate stages appear more distinct 
from one another, and larval stages are intercalated which are not 
on the direct path of transition from the young to the adult form. 
These latter, by the development of secondary peculiarities, attain 
a certain independence and lead on to the adult condition only 
through further important changes in form. The metamorphosis of 
the lower Crustacea thus bears the same relationship to that of the 
Malacostraca as does incomplete to complete metamorphosis among 
the Insecta. As examples of these newly-introduced stages in the 
ontogenetic process, we must mention especially the Zoaea of the 
Decapoda and the Zoaea-like stage of the Schizopoda (Calijptopis) and 
the Stomatopoda, which are distinguished by the fact that although 
they possess the full number of body-segments, those of the middle 
region of the body are in a rudimentary condition. In this larva 
the posterior (five to seven) thoracic segments seem to be unusually 
backward in developing, and to have either no limbs or only veiy 
rudimentary ones, while the segments of the abdomen are already 
highly developed. The Zoaea is evidently a larval form secondarily 
changed by marked adaptation to a pelagic manner of life. From 
this standpoint it seems appropriate enough that the body retains 
a compressed form, that the most important locomotory organs (the 
maxillipedes and in some cases the antennae) are developed in the 
anterior region of the body, and that a posterior movable region 
(abdomen) develops early for swimming and steering purposes. The 
rudimentary condition of the middle region of the body thus ap- 
pears to some extent explicable. 

In regarding the Zoaea as a larval form secondarily intercalated in the couisc 
of development, which has attained a certain independent value and significance, 
special interest attaches to the development of the heart. Bearing in m ind the 
condition of the heart in Nebalia and the Schizopoda, we should expect to find, 
in the larval forms of the Decapoda, a long tubular heart Wo shouJd »!«> 
presuppose that the three pairs of ostia occurring in the Decapodan heart wonJd 
already be found in the heart of the Zoaea, This, however, is not the case- 
The heart of the Zoaea is a short sac, recalling to some extent that of the 
Copepoda. It has only two pairs of lateral ostia (in individual cases, such as 
Penaem^ Euphausia, only one). The missing pairs of ostia only appear later. 
This proves clearly that the heart has undergone secondary modification corre- 
sponding to the requirements of the Zoaea. The phylogenetic stages in the 
development of the heart have been modified to suit the altei-ed conditions of 
organisation of the Zoaea stage. 
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In the complete series of developmental stages of the Decapoda, 
which however is only retained in fall in a very few cases, the 
following stages can usually be distinguished passing one into the 
other by a series of moults. 

1. The Nauplim stage (Fig. 122 A, p. 267). This stage shows 
great agreement with the Naupliua of the Entomostraca in form 
and in the possession of the three typical pairs of limbs, the anterior 
limb (first antenna) being uniramose, but the two posterior limbs 
(second antenna and mandible) biramose. A free Nauplius stage is 
found in Penaeus and in Euphausia, among the Schizopoda. 

2. Tfie Metanauplius stage (Fig 117, p. 254, and Fig. 118, p. 258), 
in the form of the body, closely resembles the last stage, but shows, 
behind the Nauplius limbs which have shifted somewhat forward, the 
rudiments of four more pairs (in Euphausia only three). An 
integumental fold, which arises laterally and posteriorly, is the 
first rudiment of the dorsal shield. The posterior end of the body 
is marked by two short prominences bearing setae (furcal processes). 
The Metanauplius stage is the starting-point in the metamorphosis of 
Ltiei/er. 

3. The Protozoaea stage (Fig. 119 -4, A P- 260, and Fig. 121-4, 
p. 264). The pairs of limbs which appeared as rudiments in the 
Metanauplius (first and second maxillae and second maxillipede) have 
now developed fully. The anterior region of the body is covered by 
the dorsal shield ; posteriorly, the body passes into a narrower region 
combining the rudiments of the thorax and the abdomen, and already 
showing segmentation anteriorly, while the posterior (abdominal) 
region is not yet fully segmented. The antennae still possess the 
Xauplius character and function as oars, as also do the biramose 
maxillipedes. The mandibles have greatly altered ; the basal joint 
is retained as a masticatory blade, while the distal part (palp) has 
disappeared. The Protozoaea stage occurs in the metamorphoses of 
the Penaeidae and Sergestidae, It is distinguished by the presence 
of distinct furcal processes. In individual cases (Sergestes) the third 
pair of maxillipedes may also be developed at this stage. 

4. The Zoaea stage (Fig. 119 ^, p. 260; Fig. 123 (7, p. 269; Fig. 
124, p. 272, and Fig. 136, p. 291). This stage agrees in all important 
characters with the preceding stage, from which it is distinguished 
by the distinct segmentation of the posterior or abdominal region. 
The sixth abdominal segment, it is true, often remains united with 
the telson for some time. The limbs of the Zoaea stage are the same 
as those of the preceding stage. In the more primitive Decapoda, 
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the antennae also serve as oars, while, in the Zoaea of the Brachyura, 
these limbs are kept in the background, and locomotion is carried on 
exclusively by the two pairs of biramose maxillipedes in con- 
junction with the movable abdomen. In many cases, the third 
pair of maxillipedes has already begun to function. The limbs 
which follow these may be present as sac-like, unjoin ted rudiments 
in close contact with the body, but they never function in the Zoaea, 
The pleopoda are still altogether wanting, except the sixth pair 
(uropoda), which may, in individual cases, develop as early as this 
stage. The spine-like process, which rises from the cephalo-thorax 
and occurs typically in the Brachyuran Zoaea, was formerly considered 
as a characteristic of this stage, and too great stress was laid upon 
this point. A really important characteristic of this stage, however, 
is the fact that the six posterior thoracic segments (commencing with 
that carrying the third pair of maxillipedes) are generally rudimentan' 
and often difficult to recognise, while the abdominal segments are 
very apparent on account of their large size and distinct boundaries. 
The Zoaea stage indicates, in many Decapoda, the beginning of 
metamorphosis, many leaving the egg in this condition. The 
Protozoaea and Zoaea, in contrast to the Metanauidiw, are dis- 
tinguished by the gradual development of the paired stalked eye 
which, as in Branchipus, first arises as a lateral outgrowth of the 
cephalic region (r/. the Zoaea of Lucifer, Fig. 119 E, p. 260), 
the eye-stalk developing very gradually. 

5. The My 818 8tage (Fig. 120 i4, p. 262, and Fig. 123 D, p. 269) 
and Metazoaea stage (Fig, 133 B, p. 287). By the development of 
the posterior thoracic limbs, the Zoaea passes into the J/y«w- or 
Schizopoda-Wce stage. These limbs, which now begin to function, 
resemble the maxillipedes in being biramose swimming appendages 
provided with setae ; they assist the maxillipedes in propelling the 
body, and recall the limbs of the Schizopoda. At this stage the 
pleopoda develop. 

In the Brachyura and Anomura, the process of development seems 
to be simplified so far as the rudiments of the ambulatory limbs 
are concerned; these limbs, which are present in the late Zoaea 
stage, never resemble the Schizopodan limbs, but from the first 
are uniramose and pass direct into the adult form. An exopodite 
never develops on the rudiments of these limbs. Consequently, 
the Zoaea stage in these animals is followed by a stage in which 
the general form of the body resembles that of the Zoaea, hut, in 
addition, the rudiments of the five pairs of ambulatory lim^ *^ 
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more or less developed, though still closely pressed against the body. 
This stage, which replaces the Mytis stage in the Anomura and 
Brachyiira, has been called by Glaus (No. 7) the Meiazoaea. 

6. Last stages of metamorphosis. These stages are now only 
distinguished from the adult form to which they lead by unim- 
portant characteristics. In the Sergesttdae, the loss of the exopodite 
on the thoracic limbs and the enlargement of the abdomen leads 
from the Mysis stage to the Mastigopus stage (Fig. 120 C, p. 262). 
In the Penaeidae and Caridea the corresponding stage is called 
the first shrimp stage. The last stages of metamorphosis in the 
Anomura and Bracbyura arc known as the Megalopa (Fig. 133 ^ 
and By p. 287), the transition from this stage to the adult form 
involving considerably greater changes in the Brachyura than in 
the Anomura, because the latter remain throughout life at a stage 
of development nearer that of the Megalopa. 

If we review the series of larval stages here described, we see 
that the order of development of the segments and limbs from before 
backward is as a role retained. Only in details are there certain 
characteristic deviations from this order. For instance, the develop- 
ment of the thoracic segments in the Zoaea stage is usually retarded 
OS compared with the development of the abdominal segments, and, 
among the limbs, an exception occurs in the early appearance of the 
sixth pair of pleopoda. These exceptions to the rule can be shown 
to result from the adaptation of the larva to a pelagic existence. 

The whole series of ontogenetic stages described above is only 
l)assed through in very few cases in the Decapoda. Penaeus and 
Lucifer may serve as examples of such complete metamorphosis. As 
a rule, metamorphosis is more or less abbreviated, the early stages 
being obscured or hurried through within the egg. The Sergesttdae, 
for instance, hatch at the Protozftaea stage, most of the Garidea 
at the 2joaea stage, the marine Astacidea at the Mysis stage. The 
most extreme case of abbreviated metamorphosis is found in many 
forms living in fresh water and on land {Astacus, Telphusa, and 
Gecarcinus). 

The abbreviation of metamorphosis is also attained in another 
way, viz., by the tendency towards the obliteration of the charac> 
teristics of the special ontogenetic stages. Thus we shall see that, 
in the Caridea, the Zoaea stage appears altered by anticipating 
certain of the peculiarities of the Mysis stage. The complete dis- 
appearance of the Mysis stage in the metamorphosis of the Brachyura 
and Anomura can be explained in a similar way. 
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The series of ontogenetic stages described above refers to the 
Dccapoda, but the Schizopoda (Euphausiidae) and the Stomatopoda 
are in this respect closely related to this order. The Calyptopis 
stage of the Euphausiidae might be assumed to be a Protozoaea 
or a Zoaea stage if it did not differ from the latter in the absence 
of the second pair of maxillipedes. In the metamorphosis of the 
Stomatopoda, on the other hand, we see that a suppression of 
the thoracic segments and the limbs belonging to them, similar to 
that in the Decapodan Zoaea^ leads to larval forms which have been 
called the Pseud ozoaeae of the Stomatopoda. 

A second series of forms among the Malacostraca, however, 
including the Cumacea and the Arthrostraca, shows, in connection 
with the care of the brood which there prevails, an entire dis- 
appearance of metamorphosis. In these groups we have conditions 
related to those found in the Mysidae and Leptostraca. We do, 
indeed, find in the belated appearance of the last pairs of thoracic 
limbs in the Isopoda a last remains of that ontogenetic tendency 
which, in the Decapoda, led io the development of the Zoaea stage. 

8. Leptostraca. 

The Leptostraca (Nebalia), like the Mysidae^ have no free- 
swimming larval stage. When the young animals leave the shell- 
cavity of the mother, which is used as a brood-chamber, they have 
in all essential points (Mbtschnikoff, No. 82) attained the final 
shape. Metamorphosis is therefore here, as in the Mysidae, confined 
to those stages which were passed through in the brood-cavity after 
the shedding of the egg-integument. With regard to the appearance 
of the diflferent limbs, the order from before backward is retained. 
In this respect, and in the absence of a distinctly marked Zoaea 
stage, the Leptostraca nearly approach the Phyllopoda. The three 
pairs of Nauplius limbs appear first. There then follows a stage 
in which these three pairs of limbs have advanced in development, 
while behind them can be recognised four other pairs (two pairs 
of maxillae and the two anterior pairs of thoracic limbs). This 
stage thus shows, in the number of limb-rudiments, a certain agree- 
ment with the Zoaea form. At a later stage, the rudiment of a 
third pair of thoracic limbs can be made out. The embryo lies in 
the egg, curved in such a way that the ventral surface of the caudal 
region is in contact with the ventral surface of the anterior part 
of the body. The egg-integument then splits, and the larva, which 
is thus freed, but is still enveloped in the larval cuticle, and which 
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shows the rudiments of all the thoracic limhs, not merely straightens 
out, but becomes even somewhat dorsally curved. We thus have, 
in Nebalia, a repetition of the changes with regard to the relative 
position of the body regions which we saw (p. 164) commencing 
in Mysis, but with the difference that, in the latter, the rupture 
of the egg-integument and the straightening of the body take place 
as early as the NaupUua stage, whereas here they occur at a later 
stage. The pleopoda now gradually appear in regular order from 
before backward, the body approaches the adult form, and the young 
leave the brood-cavity (Mktschnikoff, Xo. 82). 

9. Schizopoda. 

A very primitive form of metamorphosis through many moults is 
retained among the Schizopoda by the Euphavsiidae, The MyHdae^ 
on the other hand, emerge from the Kauplius cuticle in a condition 
closely resembling the adult in form, and at this stage they leave 
the brood-pouch of the mother and swim about freely (p. 153). 

The different larval stages of the Euphausiidae, none of which can 
be exactly identified with the Protozoaea and Zoaea of the Decapoda, 
were described by Dana as separate genera under the names of 
Calyptopis, Furcilia, and Cyrtopia^ Glaus (No. 97) being the first 
to prove that these forms belonged to the ontogeny of the Euphau- 
giidae. The youngest stages were made known by Metschnikofp 
(Nos. 93 and 94), who established the important fact that the larva 
of Euphausia leaves the egg as a true Nauplius, The most important 
points in the later ontogenetic stages were made known to us chiefly 
by Glaus (Nos. 91 and 8) for Eupliausia, and more recently the 
process of development in various forms has been traced in greater 
detail by G. 0. Sars (No. 95), Brook and Hoylb (No. 90). 

The NaupUus of EuphausiOy on leaving the egg, has an oval 
unsegmented body still without a shell-fold, and carrying on its 
anterior half the three pairs of typical Nauplius limbs. The anterior 
pair of these is uniramose, the two others biramose ; their distal ends 
are beset with setae. A segmentation of the limbs is not yet 
distinctly evident. Only a very small oral aperture can be seen. 

Later stages (Fig. 117 -4) are distinguished by the development of 
three more limb-rudiments (two pairs of maxillae (^ and 6) and the 
first maxillipedes), and must therefore be regarded as Metanaupliutf 
stages. The three anterior pairs of limbs (7, ^, 3) have still the 
Nauplius character. We can recognise the rudiments of the Nauplius 
eye, the upper lip (o), the paired paragnatha (m), and a shield-like 
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fold covering the lateral parts of the posterior limb-rudiments. The 
posterior end of the body, below the anal aperture which is now 
becoming more distinct, is lengthened into two rounded furcal 
processes fringed with setae. Later Metanauplitts stages show a 
change in the third limb, which has entirely lost the form of 




Fio. 117.— Three stageH of development of Fsuphatuia (ftpom Lang's Tcrt-ioot). A, Meta- 
naupliuB (after Metbchnikoft). B, Calyptojds (after ClaubX C, older Caljfftopit (after 
Claub). 1 and 9, flnit and second antennae ; 5, mandible ; i^ 5, first and second maxillae; 
7. first pair of maxillii)edes ; ab, abdomen; (a^-a,) first five abdominal segmeDts; o«, 
sixth pair of pleopoda ; an, anus ; fs, ftx>ntal sensory oiigan ; o, upper lip ; «, pangoAtba; 
th, thoracic segments. 

a swimming appendage and has developed into a masticatory blade 
(mandible) with a greatly reduced palp. The shield-like fold has 
now developed in the anterior region of the body, and thus 
surrounds the cephalic portion of the larva (cf, the later stages, 
Fig. 117 ^ and C). In the posterior limbs, the first indication of 
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the formation of lobes is evident, while, near the Nauplius eye, a 
paired frontal organ (fs) has developed, similar to that already 
described in the Phyllopod larva. 

The Metanauplius gives rise through further moults to the series 

of Calyptopis stages (Fig. 117 ^ and (7), which are characterised by 

the development of the six most anterior pairs of limbs, and of the 

long posterior (thoraco-abdominal) region of the body. The two pairs 

of antennae still retain essentially the Nauplius character, although 

they are now jointed. The first antenna now exhibits a three-jointed 

shaft, at the end of which two short processes (the rudiments of the 

future flagella) are inserted. In the second antenna, at the end of 

the exopodite which is covered with setae, a distinct segmentation 

into closely-crowded rings is evident. The two maxillae (^, 6) and 

the first maxillipede (/) appear as richly-lobed appendages, showing 

in their form considerable agreement with the Phyllopodan limbs. 

The first maxilla (^), besides its two masticatory blades and its 

endopodite, shows a short truncated portion bearing setae (exopodite), 

the rudiment of the future fan-like plate. In the second maxilla (5) 

the exopodite is in quite a rudimentary condition, while, on the inner 

side of the protopodite, four masticatory processes have developed. 

The first maxillipede (/) has the character of a biramose swimming 

limb (especially in Nyctiphanes). At the beginning of the thoraco- 

abdomen, which lies behind these appendages, the closely-crowded 

rudiments of the other thoracic segments can already be distinctly 

seen (Fig. 117 j5, th)y while the abdomen {ab) still appears un- 

segmented. The posterior end of the abdomen has already been 

transformed into the middle plate of the caudal fin, and is beset 

with strong spines along its posterior edge. In front of the anal 

aperture the first rudiments of the lateral parts of the caudal fin 

(sixth pair of pleopoda, a^) can be recognised. The cephalo-thoracic 

shield, which covers the anterior part of the body, has undergone 

great development. In Euphatbda it is distinguished by the presence 

of an unpaired dorsal spine directed backwards, by the delicate 

dentation of its edges, and by a notch in its ventral margin which 

recalls the excavation in the edges of the shell in Cypridina and 

Halorypris. In other genera {Nyctiphanes) the shell has no dorsal 

spine and the margins are not toothed; there are also only very 

indistinct lateral notches in the margin of the shell. The internal 

organs, which should be noticed at this stage, are the gradually 

developing paired rudiments of the eye, the hepatic outgrowths of 

the alimentary canal, and the short sac-like heart which is continuous 
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with a well -developed arterial system, and is provided with one pair 
of venous ostia. 

Later CcUyptopia stages (Fig. 117 C) are distinguished from those 
just described by the more distinct development of the rudiments of 
the eyes which are still hidden under the dorsal carapace, and by the 
full segmentation of the body. Not only is the thorax (tk) divided 
into seven (short) segments, but the abdomen also (o^-a^) appears 
fully segmented In the last of these stages, the sixth pair of 
pleopoda (a^) are developed as freely projecting lateral wiDgs of the 
caudal fin. 

If we compare the series of Cahjptopis stages with the other stage.s 
of Malacostracan larvae, we must class the younger Cal^topis stage 
with the Protozoaea, the older with the Zoaea. The CdlyptoiM 
stages, however, differ from these in the absence of the second pair 
of maxillipedes which have not yet developed. 

The later stages, known as the Furcilia stages^ are characterised 
above all by the complete development of the stalked eye which is 
now movable, and which from this time onwards is not covered by 
the forward extension of the dorsal shield, but projects freely through 
an indentation at its edge. A corresponding change is found in tlie 
part of the cephalic shield lying between the eyes, which is gradually 
transformed into a frontal plate running out into a point to form a 
rostrum. While the six anterior pairs of limbs still retain for the 
time the shape seen in the Calyptopis stage, the missing posterior 
limbs are developed, the first Furcilia stage showing the rudiments 
of the second pair of maxillipedes and of the first pair of abdominal 
limbs. The other abdominal limbs develop very soon, while the 
third maxillipede and the ambulatory thoracic limbs, as well as 
the branchial rudiments belonging to them, appear more gradually 
in order from before backward. At the same time, in Euphausia, 
the rudiments of the eye-like luminous organs at the bases of the 
limbs develop. 

The most characteristic feature of the Cyrtopia stage is the change 
in the shape of the antennae, which from this time are no longer 
used as oars, but approach the adult form. The two flagellate branches 
of the first antenna have lengthened considerably and have become 
segmented into many rings. In the second antenna, the transformation 
of the endopodite into the flagellum, and of the exopodite into a 
scale, are noticeable. Through the completion of the number of 
limb-rudiments and the development of the last thoracic limbs, the 
Cyrtopia larva passes gradually into the adult form. 
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The Mysidae^ ike Nebalia^ only undergo metamorphosiB within the brood- 
cavity of the mother, the young which leave that cavity already showing the 
form of the adult. We have mentioned above (p. 154) that the egg-integument 
in Mysis is shed at the Nauplius stage. The larva, which is then enveloped in 
the Nauplius cuticle alone, is essentially embryonic in character. It is maggot- 
shaped and can move but little, the limbs are soft and have no fringe of setae. 
The larval cuticle, beneath which the remaining limbs develop, is distinguished, 
in Mysis vulgaris and M. fiexuosa, by the fact that, at its posterior end, it runs 
out into two setose furcal processes. The next ten pairs of limbs (two pairs of 
maxillae and eight pairs of thoracic limbs) appear simultaneously. The first 
of the pleopoda to appear is the sixth pair which enters into the formation of 
the caudal fin (Fig. 77 E, p. 153) ; the five anterior pairs grow out only after 
the shedding of the Nauplius cuticle (P. J. and K Van Beneden, Nvsbavm). 

The course of development in the Lophogaatridae seems to be in complete 
agreement with that in the Mysidae, Sars, at least, has figured an ontogenetic 
stage of LophogasUr^ which completely resembles a late larval stage of Myns, 
the only distinction being that, in the former, all the pairs of pleopoda are 
already present ; these limbs perhaps appearing somewhat earlier in Lopho- 
gasUr than in Mysis. 

The development of the Afysidae and the Lophagctstridae may in a general way 
be described as essentially abbreviated in comparison with that of the Euphau- 
siidae. In this respect, as well as in the inner ontogenetic processes, the Mysidae 
and Zophogastridas approach the Cumacea and the Arthrostraca. 

10. Decapoda. 
A. Sergestidae.* 

Among the Decapoda, the Sergestidae and the Penaeidae are 
distinguished by the primitive conditions recalled by their meta- 
morphoses, which begin with a very simple stage {Nauplius or 
MetanaupHu8)y and also by the regular order of appearance (from 
before backward) retained by the body-segments. 

In the family of the Sergestidaey the metamorphosis of the genus 
Ludfer has been specially accurately observed. The Protozoaea of 
this ontogenetic series was called by Dana Eriethina demissa; 
Claub (No. 8) afterwards found the Zoaea stage belonging to it, 
but WiLLBMOEs-SuHM (No. 157) first established its connection with 
the development of Lucifer ^ while Brookb (No. 109) observed the 
complete course of metamorphosis, from the hatching of the egg to 
the attainment of the adult form. His observations have been 
found to agree with those made on the Challenger material by 
Spbkcib Batb (No. 100) and Willbmohs-Suhm. 

The actual Nauplius stage is passed through in the ^gg] the young 
Lucifer larva hatches at a stage which we must describe as a Meta- 
nauplius (Fig. 118 ^). On the short oval body we can recognise the 

* [The Sergestidas and Penaeidae fonn the tribe Penaeidea comparable to the 
Coridea, etc.— Ed.] 

8 
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Nauplius eye, the projecting upper lip (o/), and a few f ureal setae, 
indicating its posterior end. There is as yet no trace of a shield-like 
fold. In the anterior region of the body, the three pairs of Nauplius 
limbs (a\ a'\ md) are inserted. Of these, the first {a!) is uniramose ; 
it consists of five joints and carries swimming setae at its end. The 
second antenna (a") has a two-jointed protopodite and two swinmiiiig 
rami ; when this appendage is compared with that of other forms, we 
are inclined, in opposition to Brooks, to regard the ramus, which has 
several joints and is provided with setae, as the exopodite and the 
simpler, unjointed branch as the endopodite. The third pair of 
limbs (mandibles) resembles the second in structure, but is smaller 
and less jointed. It has an unsegmented protopodite, a single-jointed 

A 




Fio. 118.— Two Metanau^iu* stages of Ludjitr (after Brooks). A, larva jott hitched. B, 
somewhat older stage. a\ first antenna ; a", second antenna ; ff, shell-fold ; «<<, maiMlible ; 
mx , first maxilla ; «uc", second maxilla ; mf^ first maxillipede : ol, upper lip ; p, pai«gn»tl»»- 

endopodite, and an exopodite consisting of three joints, both rami 
carry a few swimming setae. Following these posteriorly are four 
pairs of swellings, which represent the rudiments of the two pairs 
of maxillae (mx\ mx") and the lirst and second pairs of maxillipe<l^ 
Later Metanaupliua stages (Fig. 118 B), in which the Nauplius 
limbs show a slight degeneration, have at the sides of the body 
the rudiment of a shield-like fold (d), and besides this, on the basal 
joint of the mandible, a stiff masticatory process. 

The Protozoaea stages which now follow show the seven antenor 
pairs of limbs characteristic of the Zoaea stage completely developed 
and functional. The anterior part of the body is covered by a dorsal 
shield which is continued anteriorly above the IJauplius eye into a 
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long rostrum (r) ; this carries on its posterior margin one unpaired 
dorsal and two somewhat longer lateral spines. The posterior region 
of the body has developed into a large thoraco-abdomen, the most 
posterior end of which is transformed into the middle plate (telson) 
of the caudal fin, and is provided with strong spines. Behind the 
second maxillipede, four more segments have become distinct — that 
carrying the third pair of maxillipedes (Fig. 119 A, mp"') and 
those carrying the three anterior pairs of ambulatory limbs (^M^). 
The heart {h) and the hepatic outgrowths of the intestinal canal (Z) 
have developed. The first antenna (a') now consists of two joints 
only, a long basal and a short terminal joint beset with setae ; the 
second antenna {a) has essentially the same shape as in the preceding 
stage; it has an exopodite of several joints beset with many setae 
and a simpler endopodite ; it still functions as the chief locomotory 
organ of the larva. The mandible (Fig. 119 Z>, md) now consists 
exclusively of a masticatory blade toothed along its inner edge. All 
trace of the palp found on the mandible at earlier stages is now lost. 
The two pairs of maxillae already foreshadow their adult form. The 
first maxilla (Fig. 119 5) shows, on the inner side of the protopodite, 
two projecting masticatory blades, a short, two-jointed endopodite, 
and a truncated exopodite beset with feathered setae. The second 
maxilla (Fig. 119 C) is principally distinguished by the large number 
of masticatory processes borne on its inner border. The two pairs 
of maxillipedes (Fig. 119 Z>, mf, mf") are shaped like biramose 
swimming limbs with long endopodites composed of several joints 
and shorty unjointed exopodites. In the maxillary region a shell- 
gland is seen developing. 

LcUer Protozoaea stages (Fig. 119 D), which correspond to Dana's 
Erichthina demissa^ are distinguished by the commencing develop- 
ment of the paired eyes (o), as well as by the further advance of 
segmentation in the thoraco-abdomen. At the antero-lateral margin 
of the dorsal shield a swelling becomes apparent, within which an 
accumulation of pigment denotes the rudiment of the paired eye. 
Among the new segments that have appeared in the posterior 
region of the body are those carrying the fourth ambulatory limbs 
{t*) and the four anterior abdominal segments {1-4)- The last 
thoracic segment (that carrying the fifth pair of ambulatory limbs) 
never attains distinct development in Lucifer. The abdomen is 
not yet segmented. 

The next stage (Fig. 119 J^) is marked by the complete segmenta- 
tion of the abdomen, and must therefore be called a Zoaea stage. 
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The completely developed limbs are the same as those of the 
Protozoaea stage, but behind these we find that the third maxilli- 
pede (m/'") and the four anterior ambulatory limbs {th}-th^) have 
appeared as small biramose rudiments. Besides these, rudiments of 




Fio. Il9.~-Proto9oaeae and Zoaea of Luei/er (after BbookbX A^ flnt Proiatoaea stage. B, fint 
maxilla of the same. C, secoDd maxilla of the same. D, later Prototoaea stage (Sriektkina). 
Ef Zoaea stage. a\ first antenna ; a", second antenna ; a5,, sixth pair of pleopoda (latenl 
portions of the caudal fin) ; en, endopoiite ; ex, exopodite ; *, heart ; Z, hepatic outgrowths ; 
md, mandible; m/', first maxillipede; m/", second maxillipede; «^'^', third maxillipede ; 
tup, protopodite of the third pair of roaxillipedes ; mx', first roaxilla ; iiuc", second maxills; 
0, paired compound eye ; oc, Nauplius eye ; oZ, upper lip ; r, rostrum ; th}-tk*, rodimenti of 
the first four pairs of ambulatory limbs ; (!-(-*, the four segments carrying ambulator}' 
limbe ; 1-6, the six abdominal segments. 
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the lateral portions of the caudal fin (sixth pair of pleopoda) have 
now appeared. 

The next moult of the larva produces a very decided change in 
the external shape of the body. The larva now passes into the 
so-called Myais or Schizopod'\\k<b stage (Fig. 120 A)^ which was 
described by Dana under the name of Sceleiina armaia. The 
antennae have lost their locomotory functions and tend to assume 
their adult form; the paired eyes (o) have become movable and 
stalked, and the Kauplius eye (oc) is still retained. The seven pairs 
of biramose swimming limbs (viz., the three pairs of maxillipedes 
and the four anterior pairs of ambulatory limbs) function as loco- 
motory organs. The larva, from this time onward, ceases to progress 
in a jerking manner, as in the preceding stage, and swims evenly and 
swiftly. The dorsal shield has still the same general shape, but, in 
its anterior part, the stalked eyes have become cut o£F from it. The 
indentation of the shield which contains these latter is marked by 
a pair of antero-lateral spines, while the spines at the posterior 
margin of the shield have disappeared. The cephalo-thoracic shield 
remains short in comparison with the abdomen which, in the next 
stages, increases still more in length. In the abdomen, we can 
recognise six perfectly distinct segments and the caudal fin, consist- 
ing of the telson and the greatly enlarged sixth pair of pleopoda (ab^). 

The first antenna (a') now consists of a two- (later three-) jointed 
protopodite and a short terminal joint which is to be considered as the 
representative of the flagellum and is richly provided with feathered 
setae. The second antenna {a") is a reduced biramose limb almost 
without setae. In the later My sis stages this appendage makes a 
fresh growth, its endopodite being transformed into the flagellum 
and its exopodite into the scale- like appendage. The mandibles 
(nid) are simple masticatory blades without palps. The maxillae 
{nu^, mx") have essentially the same form as in the preceding stages. 
This is also the case with the first pair of maxillipedes (m/'), the 
segmentation of which is somewhat less distinct than in the pre- 
ceding stages. The six pairs of swimming limbs which follow 
(second and third maxillipedes and first four pairs of ambulatory 
limbe) are biramose and very similar in form. Each limb consists 
of a two-jointed protopodite, a long, four-jointed endopodite, and a 
shorter exopodite which is, however, indistinctly divided into 
numerous joints. An ample provision of setae enables these limbs 
to act as powerful swimming organs. 

Later Mysis stages (Fig. 120 B), which are principally distin- 
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Fio. 120.— Three later larval stages of Lucifer (after Brooks). A, younger M^wis- or SA\»fod- 
like stage. B, older MysU- or 5cAt£opod-like stage less highly magnified. C, Moititojnu 
stage, a't first antenna ; a", second antenna ; a6i-a5g, the six pleopoda ; e, cephalo-thoimcfc 
shield; c2r, antennal gland; en, flagellum, and ex, scale of the second antenna; Mi, 
mandible ; mf'^ first maxillipede ; m/", second maxillipede ; mx', first maxilla ; mx", second 
maxilla ; o, compound eye ; oc, Nauplins eye ; o2, upper lip ; r, rostrum ; 1-6, six abdominal 
s^pnenta. 
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guished by the segmentation of the second antenna and the great 
development of the abdomen, show, on "the five anterior abdominal 
segments, the bud-like rudiments of the pleopoda. 

The transition from the My sis stages to the adult form takes 
place through the Mastigopus stage (Fig. 120 C\ which in length 
of body already approaches the adult Lucifer, but is distinguished 
from the latter by the absence of the neck-like prolongation of the 
cephalo-thorax. This stage is marked by the shortness of the 
flagellum of the first antenna (a'), while the flagellate appendage 
of the second antenna (ew) has considerably lengthened. The mouth- 
parts and the thoracic limbs have attained their final condition. The 
mandible has no palp, the first maxilla has lost the exopodite, 
the latter portion of the second maxilla is transformed into a large, 
fan-like plate. The first maxillipede is changed into a short, two- 
jointed appendage; the second maxillipede {mf) has, like all the 
other thoracic limbs, lost its exopodite and has lengthened out and 
become geniculate. The third maxillipede and the three anterior 
pairs of ambulatory limbs form a row of short, simple appendages 
covered with setae. The fourth pair of ambulatory limbs has 
entirely disappeared. The first pleopod {ah^ is uniramose, while 
the four following pleopoda {2-6) have the usual biramose form. 
The Nauplius eye and the shell-gland have now disappeared ; on the 
other hand, the antennal gland {dr\ which opens on the base of 
the second antenna, can be recognised as a coiled canal. 

The adult form, as contrasted with the Mastigopus stage, is char- 
acterised by the lengthening of the flagellum of the first antenna, in 
the basal joint of which the auditory organ develops, as well as by 
the neck-like prolongation of the head. The flagellum on the second 
antenna has also undergone considerable elongation. The sexual 
differentiation now develops, the male being distinguished by 
accessory structures on the first and second pairs of pleopoda, 
by spines on the ventral side of the fifth abdominal segment^ as 
well as by certain differences in the caudal fin, while the female 
has in these respects retained the characters of the larval form. 

The development of Lueifer just described is, in all essential points, repeated 
in the metamorphosis of Sergestes, although the two larvae are somewhat unlike 
in outward appearance. The Zoeiea of SergesteSy which is remarkable for the 
dorso-ventral flattening of its body and its extraordinarily large, branched, 
spinous processes, was described by Dana under the name of Elaphoearis, the 
later stages already being known as Aeanihosoma (Claus, No. 91) and Mastigopus 
(Leuokart, Claus, No. 91). Clatjs and Willbmoes-Suhm simultaneously 
proved that these forms belonged to the ontogeny of Sergestes, and discovered 
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tlie Protozo(ua stage of this genus. More recently, many larval forms belonging 
to this series have been described from the Challenger material (Spen'CE Bate, 
No. 100). 

The youngest Protozoaea of Sergesles is only known from a drawing by 
WiLLBM0E8-SuHM (No. 100, p. 354). It possesses the seven anterior pairs of 
limbs, but the third pair of maxillij»edes has not yet developed. Only the first 




Fio. 121.— Two larval stages of Sergutes (after ClausX A, Protozoaea stage. B, Acantkotoma 
stage, seen flrom the dorsal side, a', first antenna ; a", second antenna : mf^ first mazillipcde ; 
my", second maxillipede; m/'", third mazillipede ; mx', first maxilla ; mx'\ second maxilla; 
ol, upper lip ; mi^ shell-gland. 

rudiments of the paired eyes can be made out. Within the alimentary canal a 
large amount of yolk remains, and this no doubt allows the larva to leave the 
egg at this stage. In all other respects the larva drawn by Willemoks-Suhm 
agrees with the youngest stage described by Glaus (Fig. 121 A). 

This latter (Fig. 121 A) can be compared in all its essentials with the later 
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Protozoaea stage of LtLci/er, from which, however, it is distinguished by the 
compact form of its body, the early development of the stalked eyes, and 
the appearance of the third pair of maxillipcdes (mT'), The seven anterior 
pairs of limbs agree very closely in structure with those of the Protozoaea 
stage of both Ludfer and PvnaevA, The iirst antenna (a') especially shows a 
segmentation of the base into live joints which recurs in Penaeus. The 
mandibles have no palps, the first maxilla (ma/) has its exopodite developed 
as a fan-like plate, such an exopodite again being found on the long leg-like 
second maxilla (ttio^). At the base of the latter, Claus found the coiled shell- 
gland (arf). The three pairs of maxillipcdes (w/'-wi/") are biramose limbs, the 
tiiird pair, however, being somewhat small. Behind these are found the five 
narrow segments which later carry the ambulatory limbs, while the abdomen 
still appears altogether unsegmented. The latter terminates in a plate which 
runs out into prongs, and is here much mora marked than in Limfer. This 
terminal part seems to find its homologue in the anal segment of the Phyllopoda 
with its two furcal processes. A marked feature of this stage is the great develop- 
ment of the movable stalked eyes and the development of protective processes 
on the broadened dorsal shield. There are here one anterior rostral spine 
starting from a broad base, one dorsal and two lateral spines, each of which 
appears branched through the formation of secondary processes. These spines 
no doubt correspond to the much shorter ones of the Lwciftr larva, with which 
they agree in position. 

The Zoaea which emerges from the stage just described {BlapTiocaris) is still 
more abundantly armed with spines. The frontal, dorsal, and lateral spines 
have greatly increased in size. Tlie frontal spine has become comparatively 
slender, and a pair of branched autero-lateral spines have developed on its 
base. The separate segments of the abdomen also, which are now distinct 
(except that the sixth segment is still indistinguishable from the forked telson), 
are also well armed with lateral spines. While the anterior limbs, including 
the three pairs of maxillipedes, have the same character as in the former stage, 
only the rudiments of the biramose limbs are to be recognised on the five 
following thoracic segments. The sixth pair of pleopoda has also appeared. 

In the transition to the Mysis stage {Acantkoaonia, Fig. 121 B) the complicated 
armature of the dorsal shield is lost, only the basal portions of the branched 
processes found in the Elapliocaris being retained as short spines, but the spines 
on the abdomen are still retained. The furcal processes of the telson are 
also reduced to two short spines projecting backwards. Significant changes are 
foand in the development of the limbs. The first antenna in younger Aeantho- 
soma has a long, still unjointed protopodite (provided with a basal toothed 
process) and two short terminal processes which appear to be the rudiments of 
the principal and accessory flagella of later stages. In the second antenna {a") 
the formerly uiany-jointed exopodite is transformed into a rod-like appendage, 
while the endopodite has developed into a long flagellum. The two paiis of 
maxillae still show the character described for the earlier stage. The anterior 
maxillipede is remarkable for the reduction of its exopodite ; but the seven 
following pairs of limbs (the two remaining maxillipedes and the limbs which 
have developed from the five rudiments on the thoracic segments) are changed 
into conspicuous biramose limbs in which the exopodite, richly clothed with setae, 
is specially apparent The limbs of the abdomen are short rudiments, except 
those of the sixth segment which, on the oonti-ary, are well developed as the 
long lateral divisions of the caudal fin, and are provided with setae. Later 
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AcarU?io8oma stages are noteworthy on account of the development of the 
auditory vesicle at the Imse of the first antenna and the further growth of 
the rudiments of the pleopoda. 

The Mastigopus form which develops from the Acantkosoma is very like 
that of Luci/er. Here also we find great developmont of the abdomen ts 
opposed to relatively small bize of the cephalo-thorax. The armature of spines, 
with the exception of the persistent rostrum, is reduced to small vestiges. 
The exopodites are lost on the thoracic limits (maxilli pedes and ambulatory 
limbs), and the last pair of these limbs have altogether disappeared. The 
pleopoda are now greatly developed, but still have no exopodites; these, 
however, are evident as buds on the two posterior pairs, but only attain 
functional development at a later stage. 

The changes by which the Mastigopus passes into the adult form chiefly affect 
the limbs (above all the mouth-parts), which now approach Uie adnlt form; 
the mandibular palp, for instance, grows out, the two last juiirs of thoracic 
limbs rea])pear, and the gills develop. The developing mandibular palp remains 
two-jointed in Sergentes ; the anterior maxilla in the later Mizstigopiu stages 
still shows a short rudiment of the palp. In the posterior maxilla, on the 
contrary, the cxoi>odite is transformed into a large, fan -like plate. In the 
anterior maxillif)ede, the cxo{)odite and endopodite are short ap^iendages, while 
a large, plate-like, masticatory blade has developed on the protopodite. The 
second maxillipede is short and geniculate, while the thini has retained the fomi 
of a long limb. Even in early stages, the loidiments of the pincers are recog- 
nisable on the second and third ambulatory limbs. The loss of the Nanplius 
eye and the shell-gland, and the development, on the other hand, of the 
antennal gland are noticeable features in the internal anatomy. 

In the absence of gills and of the two posterior pairs of thoracic liml»s, 
Luci/er shows features which are present in SergesUs at the AfasiigopiiS stage. 
hiuiftr has thus retained certain larval characteristics. 

The many larval stages of Sergenies found among the Challenger material 
agree in the most essential points with the stages above described, but show 
great variability in the armature of the cephalo-thorax and alidomen. The 
Sergestid Zoaea called Platysaanis ercTiatus is interesting ; its dorsal shield, 
which is rounded and provided with marginal spinous lol^es, leaves the four 
posterior thoracic segments (already provided with limbs) completely uncovered, 
a feature in which this form agrees with the Penaetts and Lucifer larvae. Some 
larvae of the Mysis and Mastigopus stage called Sciocaris telsanis are remarkable 
for the shape of the telson, which has segmented furcal processes. 

The contrasts in outward appearance presented by the short, broad, and 
spiniferous larva of Sergestes and the slender larval form of Luci/er are brought 
about by a series of ontogenetic stages, which Brooks (No. 109) has traced back 
to a meeting point in the genus Aceles, These larvae arc more compact than the 
Luci/er larva, and are also somewhat better supplied with spines. Bbooks w 
inclined to refer to this series a Frotozoctea larva descrilied by Dohkk (No. 121i 
"Larva of an unknown Crustacean," Plates 29 and 30, Figs. 62-67) and Curs 
(No. 8, " Phyllopoda-like Protozoaea of unknown ancestry," Plate 4, Figs- 2-7). 
The latter larva is principally characterised by tlie great development of the stiU 
unstalked lateral eyes, which, as in Luci/er^ cause a buckle-shaped projection 
of the dorsal carapace. With respect to the condition of the stalked eye, 
which is already very highly developed in the Protozoaea of Sergestes, this larva 
holds a position intermediate between the latter and Lucifer. 
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B. Penaeidae. 

Our knowledge of the metamorphosis of Penaeus is due mainly 
to the researches of F. MOller (Nos. 141 and 142). It is of great 
significance in forming an estimate of the Decapodan metamorphosis, 
on account of the presence of 
the NaupliiLS stage, as well as 
the primitive order retained in 
the development of the seg- 
ments and limhs. Glaus (No. 
8) has since added further de- 
tails, especially with regard to 
the Protozoofa stage. More 
recent investigations have been 
made by Brooks (No. 110), 
who was able to observe the 
origin of all the stages follow- 
ing the first Protozoaea in 
specimens cultivated by him. 
A series of larval forms chiefly 
belonging to later stages are 
described by Spence Bate, who 
utilised the observations of 

WiLLEMOEB-SUHM (No. 100). 

Penaeus, like the Euphau- 
»idae^ leaves the ^^g as a true 
NaupUus (Fig. 122 A), The 
long, pear-shaped body is still 
without a shell-fold, and ter- 
minates posteriorly in two 
long, furcal setae. At the 
anterior end of the body, the 
Nanplius eye is visible. The 
three typical pairs of Nauplius 
limbe are still unjointed, and 
are provided with swimming 
setae. 

The succeeding Metanauplitin 
stage, in outward appearance, 
still greatly resembles the Nau- 
plius^ but is distinguished from the latter by the appearance of a 
transverse dorsal integumental fold (rudiment of the dorsal shield) 




Fig. 122.— Two stages of development of /'(7ux«if« 
(after F. Muller, Arom Lang's Text-bock\ 
A, Nauplivs. B, ProtOMoaea. J, first, S, 
second antenna; 8, mandible; 5, second 
maxilla; /, first, //, second maxillipede; 
{UI'VIII\ rudiments of the third to eighth 
thoracic segment; a6, abdomen. 
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and two truncated processes provided with setae at the posterior 
end of the body (furcal processes). This stage greatly resembles 
the MetanaupUus of Lucifer (Fig. 118 J9, p. 258). Like the latter, 
it possesses a massive, helmet-shaped upper lip. The three pairs of 
Nauplius limbs appear shifted somewhat forward, and four pairs 
of bud-like limb-rudiments have arisen. The third NaupHus Umb 
shows an important alteration, a thickening of its basal portion being 
evident as the rudiment of the masticatory blade of the future 
mandible, while, from the two swimming rami, the living contents 
have been withdrawn, an indication that these parts will be cast 
off in the next moult. Near the eye, the paired frontal organ (Fig. 
122 B), which also occurs in the Zoaean series, can be recognised 
as a small, conical projection. 

The next stage observed is the Proiozoaea (Fig. 1 22 J9), with well- 
developed, more or less rounded, cephalo-thoracic shield, seven pairs 
of limbs and an unsegmented abdomen (ah) terminating in distinct 
furcal processes. The antennae are still locomotory organs. The 
first antenna (1) is divided up into four joints. On the posterior 
antenna (2) a three-jointed endopodite and a four-jointed exopodite 
can be recognised. The upper lip is helmet-shaped and marked by 
a spine which points forward, this is also found in the larvae of the 
Sergegtidae. The mandibles are now palplees, toothed, masticatory 
blades. The maxillae agree to a great extent in shape with those 
figured for Lucifer (Fig. 119 J? and 0, p. 260). In the first maxilla, 
two inwardly projecting cutting blades can be recognised on the 
protopodite, there is a jointed endopodite and a leaf-like exopodite 
provided with setae. The second maxiUa resembles the first in 
shape, but has four blades on the protopodite and a somewhat longer 
endopodite. The two anterior pairs of maxillipedes (/, //) ^^ 
developed as biramose swimming limbs. At the base of the 
succeeding (thoraco-abdominal) region of the body, transverse rings 
mark a division into six segments (those bearing the third maxillipede 
and the five ambulatory limbs. III- VIII), The position of the 
anal aperture is worthy of mention; it is, at this stage, exactly 
terminal, lying between the two furcal processes, and only later 
shifts to the ventral side of the telson. The presence of three 
pairs of hepatic outgrowths from the intestine is already evident 
The heart, which is situated at the anterior extremity of the 
thoraco-abdomen, has only one pair of ostia (?). At the antenor 
margin of the cephalo-thorax, the rudiments of the paired eyes are 
visible as swellings in close contact with the frontal organ. 
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LcUer Protozoaea forms (Fig. 123 A) which Claus (No. 8) 
observed are chiefly characterised by the development of five 
abdominal segments (a^-^g) still hidden under the larval cuticle, 
they also show a greater development of the paired eyes and the 
division of the protopodite of the first antenna (1) into five joints 
(a feature which recurs in the Protozoaea of Sergestes), The sixth 




Pio. 128.— Later larval stages of Peruuut (after Claus, from Lako's Text-hook), At older 
ProtoaooMt dorsal aspect B, thoraco-abdominal region of a somewhat older larva with 
mdiments of limbs, ventral aspect. C, Zooea, ventral aspect. D, Mysit stage, lateral 
aspect. 1, 5, first and second antennae ; 5, mandible ; ^, S, first and second maxillae ; 
/. //, ///, first three maxillipedes ; IV-VIIIt first five ambulatory limbs; (ir-VIII), five 
posterior thoracic segments ; (a^-a^), the six abdominal segments ; a^-a^, the six pleopoda ; 
ab, abdomen ; §%, endopodite ; ex, exopodite ; fr, fh)ntal sensory organ ; L, liver ; (, telson. 

abdominal segment is still fused with the telson. Besides the 
rudiments of limbs already mentioned, the truncated rudiment of 
the third maxillipede (///) can now be seen. 

The Zoaea which proceeds from the above (Fig. 123 -B and Cf) 
is marked by the development of the movable stalked eyes, and 
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of a frontal spine found between these organs, as well as by tliat 
of the thoracic limbs. The abdominal segments now increase greatly 
in size, so that they are soon longer than those of the thorax. 
The third pair of maxillipedes can now be recognised as a short 
biramose limb (Fig. 123 B, III), Behind this, the rudiments of 
the ambulatory limbs (IV-VIII) are just visible, and still slighter 
prominences indicate the limb- rudiments on the five anterior 
abdominal segments. It is thus evident that, in Penaeus, the limbs 
have retained the order of development from before backwards. 
An exception to this order, however, is afforded by the sixth pair 
of pleopoda, which can at this stage already be recognised as bilobed 
rudiments (a^), thus preceding the other abdominal appendages in 
development. This pair of pleopoda develops as the lateral portions 
of the caudal fin (Fig. 123 C, a), while the small limb-rudiments on 
the five anterior segments of the abdomen appear to be temporarily 
suppressed during the later Zoaea stage (Fig. 123 C7, a^-a^). In 
such a later Zoaea stage, the five joints in the protopodite of the 
first antenna seem also to have disappeared ; the rudiments of the 
five pairs of ambulatory limbs can now be recognised as small 
biramose appendages (IV- VI II), 

In the Mysis stage which follows (Fig. 123 Z>), the antennae have 
ceased to function as locomotory organs, the locomotory function 
being now performed by the biramose thoracic limbs. The eephalo- 
thorax is now small as compared with the abdomen, which develops 
greatly, and in which the pleopoda have now reappeared. Dorsal 
spines appear on the abdominal segments from the second to the fifth. 
The anterior antenna (1) now exhibits a three-jointed protopodite and 
two still unjointed flagella; the latter become jointed at a future 
period; olfactory hairs develop, and an auditory organ forms at 
the base of this limb. In the second antenna (2), the exopoditc 
has changed into a scale (squame) fringed with setae, while the 
endopodite becomes transformed into the adult flagellum. The 
upper lip has lost its spinous process. On the mandible, the two- 
jointed palp of the adult develops. In the anterior maxilla, the 
endopodite degenerates into a short truncated limb,, while the 
exopodite is completely lost The exopodite of the second maxilla 
changes into the large respiratory plate. The first maxillipede 
resembles that of Sergestes^ the protopodite growing out into a iaige 
cutting plate, while the endopodite and exopodite are retained as 
small appendages, and a branchial pouch sprouts from the basal 
joint (Fig. 91 C7, p. 194). The second and third maxillipedes {UJIh 
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as well as the five following thoracic limhs {IV- VIII) are still large 
biramose limbs with well-developed exopodites. 

In the transition from the Mysis stage to the shrimp fornix the 
exopodites of the thoracic limbs are reduced, while the flagella of 
the antennae become jointed, and the pleopoda which appear in 
the Mysis stage attain their full development. The second and 
third maxillipedes retain the character of biramose limbs. The 
second maxillipede has a geniculate endopodite, a smaller exopodite 
(flagellate appendage), and gills; the third maxillipede has its 
endopodite developed as a long ambulatory limb, while, in it also, 
the exopodite persists as a flagellate appendage. The three following 
limbs (first, second, and third ambulatory limbs) are provided with 
rudimentary pincers as early as the Mysis stage. 

The various ontogenetic stages of PenaeicSf which have become known through 
the examination of the Challenger material, can easily be brought into agreement 
with the process of development just described. They, however, show many 
variations which may be regarded as generic and specific differences ; these 
chiefly affect the armature of spines (especially in the abdomen) and the relative 
development of the limbs (the thoracic limbs and the pleopoda). 

The remarkable Peteinura ffubemata, which Spenck Bate (No. 100), on 
account of certain points of agreement with Aristeus, regai*ded as possibly 
belonging to the Penaeidae, must no doubt also be considered as a larval form. 
This form agrees closely with that described by Dohrn (No. 121) as Ceratapsis 
longiremiSy in the armature of the cephalo-thorax, the shape of the limbs, and 
the excessive development of the exopodite of the sixth pleopod. Ceratapsis 
is regarded by Boas and Claus as a larva of some form which must be related 
to the Penaeidae on account of the structure of its gills, made known by the 
latter author. 

The metamorphosis of StenaptiSf which is allied to Penaeus and shows some 
relation to that of the Sergestidae, has been described by Brooks and Herrick 
(No. 111). The larva which hatches from the egg is a Protozoaea with sessile 
eyes, antennae serving as swimming limbs, a deeply-cleft tclson, and a long ros- 
trum, and with all the pairs of limbs as far l)ack as the first thoracic appendage 
(incluaive) already developed. The posterior region of the body is only indis- 
tinctly segmented, and has no appendages. From this form a true Zoaea 
develops, showing the characters of a Caridid Zoaea (p. 272). A later stage 
is characterised by the enormous lengthening of the fifth pair of ambulatory 
limbs, which function as the principal locomotory organ of the larva and equal 
the whole body in length. These limbs are reduced in the following Mastigopus 
stage to small vestiges, and the preceding pair (fourth ambulatory limbs) also 
degenerate for the time only. In this respect, Stenopus recalls the Sergestidae 
(p. 266). 

0. Caridea. 

The metamorphosis of the Caridea (Palaemontdae^ AlpTieidaey 
Crangonidaef etc.) is, as compared with that of Penaeus, essentially 
abbreviated. The Nauplius and Protozoaea are never free stages 
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in the Garidea, but are merged in the general embryonic develop- 
ment which takes place in the egg. The embryo leaves the egg, 
as a rule, as a peculiarly-shaped Zoaea (Fig. 124), which in certain 
characters anticipates the Mysis stage, and thus in many respects 
is more advanced than the typical Zoaea. We may take as an 
example a larva described by Glaus (No. 113), and referred to the 
ontogeny of Hippolyte. In this larva we can distinguish an anterior 
cephalo-thoracic and a posterior abdominal region. The latter is long 

and already shows its full number 
of segments (in forms related to this 
Zoaea, however, the separation of 
the sixth segment from the telson 
is often at first indistinct). The 
telson is, as a rule, no longer cleft 
(furcal structure), but has the form 
of a broad plate with a spinous 
posterior margin ; in individual 
cases, however {e.g., P<mtopM\is. 
G. 0. Sars, No. 151), a furcate 
condition with two lateral wings is 
found. The dorsal shield carries a 
simple pointed rostrum and short 
supra-orbital and antennal spines, 
but there is no further development 
of spinous processes. In many 
larvae of this group, however, there 
is a very prominent dorsal spine on 
the second abdominal segment, a^ 
well as smaller ones on the three 
following segments. In other re- 
spects, the spinous armature of this 
region of the body undergoes great 
variation in the forms belonging 
to this group. Near the Nauplius eye, the paired eyes are distinct 
and already stalked. 

In the anterior region of the body, besides the seven pairs of 
limbs occurring in the Zoaea, the eighth pair (third maxillipedes, 
Fig. 124, Mf") appear in the form of well developed swimming 
limbs. The region following this, which comprises the five segments 
carrying ambulatory limbs, is almost unrepresented, its segments and 
limbs only becoming apparent at a later period. The pleopoda are 




Fio. l24.—Zoaeaof Hippolyte (after Claus, 
from Balfour's TextAyook). Mzf, flrat, 
Mx", second maxilla ; A//', Mfn, MJ'", 
first, second, and third maxillipedes. 
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still altogether wanting. In the second antenna, the transformation 
of the exopodite into the scale and of the endopodite into the 
flagellum of the adult can be recognised, the mandibular palp is 
wanting as well as the leaf-like appendage (exopodite) of the first 
maxilla, which is found in Penaeus. The heart has two pairs of 
ostia, a normal condition in the Zoaea, the third pair developing 
during the Mysis stage. 

While an apparent irregularityj^is produced in the order of 
development of the segments by the suppression of the fifth thoracic 
segment, the rudiments of the limbs appear in the regular order 




Fir. 125. — Older larva of Hippdyte^ after the development of tbe thoracic appendages (after 
Glaus, fkrom Balfoub's Text-hook). 

from before backwards. The only exception is afforded by the 
sixth pair of pleopoda, which frequently develop precociously. The 
ambulatory limbs develop gradually from before backwards, in 
contrast with those of the Sergestidae and of Penaeus, which appear 
simultaneously. The development of the thoracic limbs frequently 
shows variations in detail which are not all as yet accurately known. 

In Sippolyte, the first two pairs of ambulatory limbs and the sixth pair of 
abdominal limbs (uropoda) appear simultaneously. In an older stage (Fig. 125) 
these become biramose, while the buds of the three posterior pairs of ambulatory 
limbs also appear. In Palaemony the larva which hatches from the egg has 
the rudiments of the three following thoracic limbs developed behind the third 
pair of maxUlipedes (Bobretzky). The larva of Crangon, when hatched, shows 
the bud-like rudiments of the two anterior pairs of ambulatory limbs (Claus, 
No. 118 ; Ehrenbauh, No. 123*), but the rudiments of the three following 

* G. O. Sars (No. 151), on the contrary, states that in Crangon vulgaris and 
in Cheraphilus and P<mtaphilus only the buds of the first pair of ambulatory 
limbs are present, while the four remaining pairs appear simultaneously in the 
next stage. 

T 
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pairs develop very soon after. The earliest free larva of PalaemaneUs vulgaris 
shows the rudiments of the two anterior pairs of thoracic limbs, while the 
posterior pairs arise independently in succeeding stages (W. Faxon). 

Only after the thoracic limbs have developed do the pleopoda 
appear aa buds. By the development of the thoracic limbs into 
biramose swimming appendages, the larva passes into the Mysuf 
stage, which varies in its appendages in the different forms, inasmuch 
as the exopodite may be suppressed in individual thoracic limbs. 
In Hippolyte, Caridina, and Palaemoneten vuigaris, for instance, 
the last pair has no exopodite (this is perhaps the case in most 
Caridid larvae), while, in Cheraphiltis and Pontophilus (G. 0. Sars, 
No. 151), and in the fresh-water form Pcdaemonetes varians, the 
rudiment of the exopodite seems to be suppressed on the last threo 
thoracic limbs, in Crangon vulgaris (Ehrenbaum and G. 0. Sars) 
and in Sabinea (Sabs) on the last four. In the latter forms there 
is thus an evident tendency to the elimination of the Mysis stage 
from the metamorphosis. 

The tendency to simplification of the ontogenetic processes, which finds 
expression in the above conditions, has led, in individual cases, to a mucli 
more marked abbreviation of metamorphosis. The embryo of the arctic fomi 
HippclyU polaris, as observed by Eroyek (No. 136), showed the five pairs of 
ambulatory limbs as simple (uniramose), jointed appendages, the rudiments of 
pincers being already manifest on the anterior pair. The five anterior pairs 
of abdominal limbs could also be recognised as biramose rudiments, while tlie 
sixth pair was still wanting. The metamorphosis of SahUiea (G. 0. SAKti, 
Xo. 151) seems similarly abbreviated, the youngest larva {Myto Oaimardii of 
Kroter) hatched from the egg already showing the rudiments of all the five 
ambulatory limbs and of the five anterior (and already biramose) pairs of 
pleopoda. Only the first ambulatory limbs have exopodites, the second being 
uniramose And very small. In Sclerocrangon boreaSy the eggs of which are 
distinguished by their large size, there appears to be entire suppression of 
metamorphosis (Spenos Bate, No. 100, G. 0. Sars, No. 151), and the same is 
the case with the deep sea forms Cryptocheles and Byihocaris (G. 0. Sabs, 
No. 151). 

Many of the fresh -water Caridea (e.^r., Caridina Desmarestii) have, in 
contrast to their marine relations, no abbreviation of metamorphosis, but 
such abbreviation is distinctly evident in PcUaemon Potiuna (F. MCll£S» 
No. 148) and Palaemonetes varians (P. Mayer, No. 188). Palaeman Potiuna 
leaves the egg at a stage of development very similar to that of Hifpolyi^ 
polaris, being only distinguished from the latter by the backward condition 
of the mouth-parts (for, owing to the larger amount of food-yolk present, the 
larva does not commence to feed until some time after hatching), and by the 
presence of gill-rudiments. 

The variety of Palaemonetes varians, which occurs in fresh water in the 
South of Europe, hatches, according to P. Mater, at an advanced Zoaea stage 
representing the transition to the Mysis stage, and possesses all the limbs 
except the last pair of pleopoda. The two anterior pairs of ambulatory linibs 
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already show the radimeiits of pincers, and are provided with exopodites, which 
are wanting on the three following ambulatory limbs. The gills (pleurobranchiac) 
are well developed on all the segments bearing the ambulatory limbs. The 
abdominal limbs are found as biramose buds. The telson, in shape and armature, 
resembles that of the Caridid Zoaea, and is not as yet sharply marked off from 
the sixth abdominal segment. In contrast to the above, it is an interesting fact 
that the variety of Palaemonetes varianSf which occurs on the shores of Northern 
Europe (but also in brackish or fresh water), shows far less abbreviation of 
metamorphosis. According to Boas (No. 105), the Zoaeae which hatch from 
the eggs of this form have only truncated, unjointed ambulatory limbs, while 
the abdominal limbs are altogether wanting. In all foims with abbreviated 
development, the eggs are considerably larger and more richly provided with 
food-yolk, and the number produced by the female is ooosequently smaller. 
The young, when hatched, still retain a considerable amount of food-yolk, 
which is only gradually absorbed, and consequently they do not take food from 
outside until very late. In keeping with this, the mouth -parts of the othenvise 
highly -developed larva are in a very rudimentary condition. 

According to Herrick (No. 133) and Packard (No. 144) a similar abbrevia- 
tion of metamorj)ho8is is found in two species of Alpheus. In other species of 
this genus the metamorphosis does not deviate from that of other Caridea, 
but in Alpheus heterodulis it is abbreviated, and in Alplum praecox^ which lives 
in Sponges, it is almost altogether lost. 

In connection with the Caridea we should mention the genus Amphion, a 
form whose systematic position is still very doubtful. It agrees in the form of 
its Zocua larva and in the possession of branchial rudiments which show tlie 
character of phyllobranchiae (Spence Bate, No. 100) with the Caiidea. The 
oldest known stages of Amphion appear (in the deficient segmentation of 
the antennae) not to have attained full development, and must probably be 
considered as larvae, although Dohrn (No. 120) and Willemo£8-Suhm, ou 
account of the statement that genital rudiments appear in them, were inclined to 
i-egard them as adult forms. The long body moves by means of six pairs of 
biramose limbs, which corres^wnd to the second and third maxillipedes and the 
four following thoracic limbs, while the last pair of thoracic limbs is present 
in an undeveloped condition. In the shape of its biramose limbs, as well as iu 
the presence of branched hepatic tubes in the anterior part of the cephalo-thorax, 
Amphion shows striking agreement with the Phyllosomay and Boas (No. 103) 
actually conjectured that it might be the larva of the genus Polydi^leSy which is 
related to the Loricata. The youngest known stages of Amphion are Zoatae 
resembling in ap|)earance the Caridid Zoaeae. The second and third pairs of 
maxillipedes, developed as biramose swimming limbs, are the principal loco- 
motory organs, while the first pair of maxillipedes already appear drawn 
towards the mouth. The abdomen ends m an oval telsou ; the pleopoda ase 
wanting, but the sixth pair veiy soon develops. Other forms nearly related to 
Amphion have been described by Willemoes-Suhm, their similarity in shajw 
of body to Sergestes being pointed out These forms are known as Amphiones. 

D. Astaddea. 

In the tribe of the Astacidea there is still greater abbreviation of 
metamorphosis than in most Caridea. There is no longer any free 
Zoaea stage. In Homarus, whose metamorphosis has become known 
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Fir.. 126.— Larva ot the American lobster, juat 
hatched (after Smith), a', first, a", second 
antenna; m/'", third inaxillipedc; p^-p^, first 
five ambulatory limbs. 



by the works of Kroyer (No. 136), G. 0. Sars (No. 148), S. J. 
Smith (No. 153), and Ryder (No. 147), the stage at which the young 
leaves the egg (Fig. 126) is the My sis stage, which moves ahout by 
means of the exopodites of the third pair of maxillipedes and of 
the five pairs of ambulatory limbs (nif-p^) developed as strong 

swimming organs. The dorsal 
shield passes anteriorly into 
a simple rostrum. The ab- 
domen is distinguished by 
the presence on its segments 
of dorsal and lateral spines, 
but is still devoid of limb- 
rudiments. The telson is a 
triangular toothed plate, in- 
dented posteriorly. The first 
antenna (a') is still unjointed, 
the second {a") is biramose, 
with an exopodite changed 
into a scale and a slender 
endopodite (rudiment of the 
flagellum). The mandible 
carries a three-jointed palp, there is no exopodite on the first maxilla. 
The second maxilla and the maxillipedes resemble in essentials those 
of the adult, but are still in many respects rudimentary. The 
endopodites of the three anterior pairs of ambulatory limbs already 
terminate in rudimentary pincers. 

In tlie next stage, the limb-buds appear on the second, third, 
fourth, and fifth abdominal segments. On the first antenna, the 
segmentation of the principal flagellum and the rudiment of the 
accessory flagellum can already be recognised. The three anterior 
pairs of ambulatory limbs have increased in size, and the pincer- 
rudiments are more clearly developed. 

In the third larval stage, the Schizopodan features gradually dis- 
appear, while the adult characters begin to develop. The exopodite 
of the third maxillipede, as well as that of the fifth ambulatory 
limb, degenerate, while the limbs of the sixth abdominal segment 
attain development The abdominal spines begin to degenerate. 

In the next stage, the Schizopodan characters have been entirely 
lost. The exopodites of the ambulatory limbs are mere vestiges. 
The larva, in all essentials, resembles the adult, but still retains its 
pelagic manner of life, and swims by means of its abdominal limbb-. 
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Oniy in a later young form, which has sunk to the bottom, does the 
asymmetry of the pincers become apparent ; the first abdominal limbs 
which, to begin with, are similar in form in the two sexes, appear 
at this same time. At a still later stage sexual differentiation 
is attained. 

The metamorphosis of Nephrops norvegicus, a single stage of which was made 
known long ago by Glaus (No. 118), and which has more recently been 
completely described by G. O. Saks (No. 149), agrees in all its details with 
that of Homarus, Here, as in the latter, the four stages described above can 
lie distinguished, being similarly characterised in both forms. The larva of 
Xephrops, however (Fig. 127), has a peculiar appearance, being distinguished by 
the spines on its abdomen. On tlie third abdominal segment there is a small 
dorsal spine, on the fourth and fifth a much larger one, while the sixth abdominal 
segment has a pair of long backwardly directed spines. The tclson which, in the 




Fio. 127. — Later iVyn< stage of Nephrops norvegUnis (after SabaX a', first antenna ; a", second 
antenna; »»/'", third maxillipede ; pi-p^, first five ambulatory limbs; ^'P, pleopod of the 
second abdominal segment ; pl^, pleopod of the fifth abdominal segment ; r, rostrum. 

first and second stages, was not distinctly marked off from the sixth abdominal 
segment, runs out into two very large movable spinous processes which are 
retained even in the third stage, together with the lateral plates of the caudal 
fin (sixth pair of pleopoda), and only disappear in the fourth stage, in which 
the telson is transformed into the middle plate of that fin. 

The young of Astaeus, when hatched, are distinguished only in unessential 
points from the adult The cephalo-thorax is swollen by the mass of nutritive 
yolk beneath it, and the rostrum is curved downwards between the eyes. The 
first pair of abdominal limbs is still undeveloped. The pleopoda of the sixth 
i^egment have also not attained free development. The tclson has a peculiar 
oval shape. In other respects the young of Astacus, which still remain for some 
time hanging to the abdominal limbs of the mother and are protected by her, 
entirely resemble the adult. Metamorphosis here, as in so many fresh-water 
forms, has entirely disappeared. 

The young of Cainharus (W. Faxon, No. 127) closely resemble in shape the 
above forms, and, like those of AstacuSy recall in certain respects the Parastacidue. 
The first and sixth pairs of pleopoda are still wanting, and the transverse 
segmentation in the region of the telson-plate has not yet developed. The 
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latter, unlike that of Astaciis^ has no fringe of setae. Development seems 
still more abbreviated than in Astacus^ inasmuch as the caudal fin very soon 
attains completion. 

£. Loricata. 

The larvae of the Loricata hatch in a form long known as the 
Phyllosoma, which was formerly regarded as an independent genus 
and placed either among the Stomatopoda or among the Deeapoda. 
That this form belonged to the ontogeny of the Loricata was first 
rendered probable by the experiments in cultivating specimens 
made by Couch (No. 116), who was able to hatch, from the e^^ 
of PdUnuitLSy larvae which Gerstackbr had already assumed to 1* 
P/tyllosonia, Coste and Gerbe arrived at the same results almost 
simultaneously. The embryonic development of Seyllanu and 
Pcdinunca, as well as the transition into the young Phyllosoma, 
was made known by Dohrn (No. 119), while the metamorphosis of 
the PhyUosoma was established chiefly by Glaus (Nos. 91 and 8) 
and RicHTERS (No. 146). Various PhyUosoma have recently been 
described by Spence Bate (No. 100). 

The PhyUosoma must be regarded as a peculiarly-shaped Myfi^ 
stage. The Loricata thus leave the egg at the stage at which many 
of the Astacidea hatch. The leaf-like, flatly compressed shape of 
the body and the slight development of the abdomen must be 
regarded as adaptations to a pelagic existence, while, on the other 
hand, apparently primitive characters are retained in the independence 
of the thorax and the presence of furcal processes on the telson. 
Other features, however, can only be explained as degeneration- 
phenomena, the correctness of this view being confirmed by com- 
parison with the embryonic stages. 

The embryos of ScyUarus, whose ontogeny was worked out bv 
Dohrn, pass through a NaupUus stage which bears a general re- 
semblance to that described above (p. 156) for Astactts, and is marked 
T»y the secretion of a larval integument (Nauplius cuticle). The 
later stage also resembles the corresponding stage of Agtactts, in 
that the posterior region of the body which has now developed 
(thoraco-ab(lomen) appears flexed ventrally. The anterior region of 
the body, in which the food-yolk is deposited, bears the two pairs 
of antennae and the mouth-parts, including the first maxillipedes. 
The second and the third maxillipedes are found on the recurved 
thoraco-abdorainal section, together with the rudiments of the three 
anterior ambulatory limbs. Behind the last pair of these rudi- 
ments there follows an unsegmented terminal region in the form 
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of a square plate. Most of the limbs are still of a somewhat 
embryonic stamp, but it should be mentioned that the three anterior 
pairs of limbs of the thoraco-abdomen (second and third maxilli- 
pedes and first ambulatory limbs) consist of uniramose rudiments, 
while the two following pairs (second and third ambulatory limbs) 
are still simple bud-like outgrowths. 

At a somewhat later stage, the second antennae, which are very 
little shorter than the first, 
show the rudiments of the 
antennal glands at their 
bases. The mandible, in 
which the palp is wanting, 
is slightly bilobate at the 
tip ; the first maxilla is 
bilobate, and the second 
has incisions on its inner 
edge which break it up 
into three lobes. The first 
maxillipede also, which was 
simply truncated at an 
earlier stage, is now a 
short bilobed rudiment. 
On the other hand, the 
exopodites of the second 
and third maxiUipedes have 
become reduced, while the 
second and third ambula- 
tory limbs appear distinctly 
biramose. Further back 
are found the small trun- 
cated rudiments of the 
fourth and fifth ambulatory 
limbs. 

A similar condition of the limbs is fonnd in the Paliminis embryos at later 
stages (Fig. 128). The first antenna {a') is simple and nnjointed, while 
the somewhat longer second antenna (a") shows the rudiment of a lateral 
branch. The first maxilla (ma^) is trilobate, the second bilobate. In the 
two anterior maxillipedes (w/\ m/*0 as well as in the third ambulatory limb 
{If"), the exopodite is vestigial ; the third maxillipede (wi/"'), on the contrary, 
and the first and second ambulatory limbs {t\ f) are provided with large 
exopodites. The posterior region of the body contains the segments carrying 
the fourth and fifth pairs of ambulatory limbs (^, ^), as well as the abdominal 
segments (l-6\ and ends in a cleft telson. 




Fio. 128.— An embr>'0 of Palinuru9 quadricomis 
with thoraco-abdomen turned back (after Glaus). 
a, anus; a\ flr«t antenna; af^ second antenna; 
md, mandible ; vit\ mf", m/"', first, second, and 
third maxillipedes; wix', «x^, first and second 
maxillae ; oc, Naaplius eye ; oZ, upper lip ; p, parag- 
natba; f, t", t"\ first three ambuUtory limbs; 
(4, (B, segments carrying the fourtli and fifth ambu- 
latory limbs ; x-x, boundary of the cephalo-thorax ; 
1-6^ first six abdominal segments. 
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The last stages of embryonic life already distinctly show the seg- 
mentation of the body characteristic of the Phyllosoma larva. The 
body falls into three sections, the anterior broadened section being 

still swollen by 
the food -yolk 
deposited in it, 
and carrying 
antennae, man- 
dibles, and 
maxillae. This 
is followed by 
a moderately 
broad region, 
consisting oi 
the segments 
which carry the 
maxillipedes 
and ambulatory 
limbs, and be- 
hind this comes 
a short narrow 
abdomen. Be- 
fore the PA#>- 
soma leaves its 
embryonic en- 
velope, certain 
processes of de- 
generation (Fig. 
129) take place 
in the body. 
The second an- 
tennae [a) are 
reduced to 
simple, un- 
branched pro- 
cesses, and the 
second maxillae 
{mx) to short 

unjointed stumps. The first maxillipede in Scyllarvs is altogether 
lost, while in Palinurm it is retained in the form of a much reduced 
vestige. The exopodites of the second and third maxillipedes 




Fio. 129.— Toung Pkyllosoma of SeyUaj-ut (after ClaubX Only the 
basal joints of some of the limbs are drawn. a\ first antenna ; 
o", second antenna; d, antennal gland; jj, brain; /, liver; md, 
mandible; mj^, first maxilla; mx", second maxilla; m/", second 
maxillipede; mf", third maxillipede; n, ventral chain of ganglia; 
oc, Nauplius eye; ol, upper lip; p', j/', j/", first three ambulatory 
limbs. 
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(w/", mf) were similarly reduced at a still earlier stage. The 
segments carrying the fourth and fifth ambulatory limbs and those 
of the abdomen become less distinct. 

The youngest hatched Phyllosoma (Figs. 129 and 130) very closely 
resemble the oldest embryonic stages. The clear, transparent body 
is flattened out like a leaf, and divided into the three sections just 
described. The anterior (cephalic) section, which is usually ellipsoidal 
or oval in outline, carries at its anterior end the two pairs of antennae 
and the stalked eyes, while the Nauplius eye (oc) lies just above the 
brain. The mouth lies almost in the middle of the ventral surface, 
surrounded by the mandibles and first maxillae ; the reduced second 
maxillae {mx") have shifted further back. There is, in the Phyllo- 
soma of Sq/Uaru8 (Fig. 129), no trace of the first maxillipedes, 
whereas, in Palinurtcs, these are present as vestigial prominences. 

The thoracic region (Figs. 129 and 130) somewhat resembles a 
broadened disc, and carries the maxillipedes and ambulatory limbs. 
The two anterior pairs of these limbs (the second and third maxilli- 
I)edes) in the youngest Phyllosoma of Scyllarus are uniramose and 
five-jointed, while the three anterior ambulatory limbs consist of six 
joints and carry exopodites. The rudiments of the fourth and fifth 
ambulatory limbs, together with the segments to which they 
belonged, have almost entirely disappeared. In the youngest Phyllo- 
soma of PcUinurus (Fig. 130), on the contrary, the third raaxillipede 
has an exopodite, and the fourth and fifth pairs of ambulatory limbs 
are found as minute buds. 

The thoracic region of the body is originally simply joined on 
]>osteriorly to the anterior cephalic section. Later, however, the 
dorsal surface of the cephalic region grows back over the thorax, 
thus forming the dorsal shield, while the thorax itself gives rise 
principally to the "sternal plastron." 

The abdomen is a short, indistinctly -segmented, rudimentary 
appendage ending in two furcal processes. Between these, lying 
at the posterior end of the body, is the anal aperture, which only 
secondarily takes up a ventral position through the fusing of the 
basal parts of the furcal processes. This position of the anus recalls 
that described in Penaevs (p. 267) and Astacus (p. 157), and shows 
that the Phyllosoma, in the development of the posterior end of the 
body, has retained a peculiarity of an earlier larval stage {Protozoaea 
of Penaeiis). 

The metamorphosis of the Phyllosoma consists in the appearance 
(or rather reappearance) of the missing body-segments and pairs of 
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limbs, and in a transformation of those already present The first 
antenna becomes jointed and develops the rudiment of the accessor}' 
Hagellum (Fig. 131), as well as the olfactory filaments of the prin- 
cipal flagellum and the auditory organ in the basal joint The 
second antenna also (Fig. 131) becomes jointed, and, in the Phyllo- 
fioma of ScyllaruHf already shows indications of the lamellate sha|^ 
typical of the adult. In the mandible, a palp, at first simple and 
later three-jointed, develops. The maxillae approach the adult fonn. 
The first maxillipede and the fourth and fifth ambulatory limbs 
now develop, while the penultimate ambulatory limb, as well as the 

second maxilli- 
pede, develop still 
further. From the 
basal joints of the 
maxillipedes and 
ambulatory limbs, 
the branchial 
rudiments now 
grow out. The 
abdomen becomes 
distinctly se^j- 
mented, and six 
pairs of rudiments 
of pleopoda appear 
on it, the last pair 
participating in 
the formation of 
the caudal fin. 

Internally, the formation of diverticula leads to the development of 
the hepatic tubes (l). This, in the Phyllo»oma of Scyllarus (Fig. 
129), is commenced by the development of three pairs of caeca, the 
middle pair soon showing secondary ramifications. The Phyllotoma 
of Palinurus (Fig. 129), on the other hand, shows, from the ver}' 
beginning, richer ramification of the so-called hepatic tubes. Tlie 
organs of the circulatory system are already, as Gbobnbaur has 
proved, of the typical Decapodan character. There is a heart pro- 
vided with three pairs of ostia, from which the arterial vessels 
proceed in a form characteristic of the Decapoda (Glaus, No. 6). 
The change of the Phyllosoma larva into the young staj^es of 
the adult form, which are considerably smaller than the 
P/itjUosoma, has not yet been directly observed. 




Via. ISO.— Tonug Pkyllo$omaot Palinunu, shortly before hatching 
(after Glaus, firora Lano's Text-book), ah, abdomen ; L, liver ; 
I I'll If second and third maxillipedes ; IV-Vl^ first three ambu- 
latory limbs. 
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The Phyllosoma of Palinurus is to be distinguished from that of ScyUarus by 
certain features, some of which have already been pointed out. In the youngest 
Phyllosoma of Palinurus^ the second antenna is shorter than the first (Fig. 180), 
but this condition is soon reversed (Fig. 131), and henceforth the second 
antenna remains longer. In Sq/llarus, on the other hand (Fig. 129), the second 
antenna is always smaller than the first, and in later stages is transformed into 
the lamellate organ. Again, the presence of a rudiment of the first pair of 
mazillipedes is characteristic of the PhyllosoTjia of Palinurus^ and so is the 
advanced development of the maxillii>edes and ambulatory limbs in the 




Fio. 131.— Older PhylloMfma of Palinunis (after Clach), ?, liver ; m/", gficoiul mtxillipede ; 
m/*', third maxilUpede ; pi, j)2, p3, p*, j**, the five ambulatory limbs. 

youngest free stages. While it is in this way not difficult to identify the 
Pkylloaoma of Palinurus, there yet remain many other Phyllosoma larvae, some 
of which are very remarkable forms, which can only conjecturally and with 
uncertainty be referred to the different genera of the lamellicorn Loricata 
[Sqfllarus, Thenus, IbacuSj PaHbaciiSy etc., Riohters, No. 146). Among these 
last, Haswell (No. 131) has described a Phyllosoma probably belonging to 
Ibaeus, This author considers it to be a further ontogenetic stage of Phyllosoma 
Diiperryi Guerin, which belongs to Milne-Edwards' group of the ** Phyllosomes 
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laticaudes," in which the abdomen arises with a broad base as the direct pro- 
longation of the thorax. Richters, on the other hand, has conjecturally 
referred the Brovicaudes to Ibacus and Pat-ibacus. Fossil Phyllowma have 
been recognised in^thc Solenhofen slates. 

F. Thalassinidea. 

The larvae of the Thalassinidea {Gebia, Ccdocaris, Callianassa, 
CalUaxis), known to us from the treatises of G. O. Sars (No. 149) 
and Glaus (Nos. 6, 7, and 8), are allied to the Garidid larvae by 
the shape of the body, the possession of a long rostral spine, and 

the peculiar armature of the 
abdomen (wanting in Gebia) ; 
this latter consists of a Ion;; 
dorsal spine on the second 
and shorter spines on tin- 
three following abdominal 
segments. Their metamor- 
phosis is, however, of special 
interest on account of the 
complete transition which 
they exhibit between the 
manner of development of 
the Garidids and that of the 
Anomura and Brachyura. 

The youngest larval stogt' 
of Gebia (Fig.- 132 A) is a 
Zoaea which is distinguished 
from the Zoaeae of other 
Macrura chiefly by the fact 
that only the two anterior 
maxillipedes (m/, mf) filia- 
tion as biramose swimniinii 
limbs, while the third maxil- 
lipedes, as well as the four 
following ambulatory limhs, 
are found as rudiments devoid of setae, the four anterior pairs heing 
biramose, while the most posterior pair is still simple. The fifth 
pair of ambulatory limbs, as well as the pleopoda, are still altogether 
wanting. The telson, which is not yet marked off from the sixth 
al>dominal segment, is a spade-shaped plate somewhat indented at 
its posterior edge and beset with setae. The paired eyes, which 
are still immovable, recall those of the Anomuran larva, in ^^ 




Fkj. 132.— Two larval stages of (r«/vm Zi«omZj« (after 
G. O. Saiw). i4, Zmca stage (dorsal view). B^ 
MysU stage (side view), a', first antenna; a", 
second antenna ; a!^-a'i, rudiments of the live 
posterior abdonnnal appendag&i; m/', m/", m/'", 
the three maxillipedes ; p^-p*^, the five ambula- 
tory limbs ; oe, Nauplias eye. 
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great elongation of the posterior crystalline cones, causing the eye 
to project somewhat backwards. 

The My sis stage (Fig. 132 J9), which results from the above through 
a transitionary stage, shows the fifth ambulatory limb as well as 
the rudiments of the pleopoda (except those of the first abdominal 
segment). The exopodites on the third maxillipede and on the 
three anterior ambulatory limbs {mf"'-p"') are provided with setae 
and function as swimming limbs. The endopodites of these limbs, 
on the contrary, are still quite embryonic in appearance; they are 
unjointed and have no setae. The telson, which has now changed 
into a long rectangular plate, has, at its posterior margin, a small 
unpaired spine and seven longer spines on each side. The lateral 
limbs of the caudal fin (a^) are already developed. 

In later stages, the endopodites of the ambulatory limbs become 
more developed and the rudiments of pincers become evident on the 
first ambulatory limbs, while the exopodites gradually degenerate. 

The agreement between the metamorphosis of Oehia and that of the Anomnra 
consists in the form of the paired eyes and telson, in the biramose maxilHpedes, 
and above all in the condition of the third maxillipede, irhich is first used 
as a swimming limb in the Mysis stage, while its endopodite is still nidi- 
nientary. While, in this respect, the larva of Calliaxis agrees with the Zoom 
of OebiOy the Zoaeae of Callianassa and Calocaris agree with those of the 
Caridea, inasmuch as all the three maxillipedes here function as biramose 
swimming limbs. 

As a contrast to the features which connect the metamorphosis of the 
Thalassinidea with that of the Anoraura and Brachyura, the distinct develop- 
ment of the Afysis stage in the former group should be pointed out. Tliis stage, 
which is characteristic of the Macruran metamorphosis, is, as we shall see, 
suppressed in that of the Anomura and Brachyura. 

The Zoaea of the remarkable deep sea form Calocaris Macandreae is provided, 
like the other forms, with well developed paired eyes. The degeneration of 
these organs, which characterises the adult, takes place only after the Mysis 
stage (G. O. Sabb, No. 149). 

The Calliaxis larva (Claus, Nos. 6 and 7) is distinguished by a curious 
neck-like elongation of the cephalic region, which causes a certain resemblance 
to Luci/er. Another feature characteristic of this form, which was described 
by Brook (No. 107) as Trachelifer, is the lengthening of the telson into two 
wing-like lobes bearing spines posteriorly. 

G. Anomura. 

The Anomura in their metamorphosis show a somewhat primitive 
condition, in which, in many respects, they agree with the Brachyura. 
In most cases the young leaves the %^ as a Zoaea (Fig. 133 A)y 
in which, as in the Brachyura and a few Thalassinidea, the 
two anterior maxillipedes function as the chief locomotory organs. 
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The third pair of maxilli pedes is only present in a rudimentair 
condition (Fig. 133 Cf). The next ontogenetic stage which develops 
from the Zoaea (Fig. 133 J?), and which must he regarded as 
equivalent to the Myats stage of the Macrara, already shows all the 
ambulatory limbs and the rudiments of most of the pleopoda. 
The ambulatory limbs have no exopodites, and already approach 
their final shape. We shall, in accordance with Glaus (No. 7) and 
in agreement with the similarly-shaped stage of the Brachyura, 
define this stage as the Metazoaea, The characters of the Mym 
stage here seem suppressed. The Metaxoaea must be regarded as a 
transitionary form between the Zoaea and the youngest adult form 
{Megalopa of the Brachyura). In one important point the Metasoaea 
of the Anomura is distinguished from that of the Brachyura, viz., 
the condition of the third maxillipede which here, though possessing 
a rudimentary endopodite, has a well-developed exopodite functioning 
as a swimming limb, while, in the Metazoaea of the Brachyura, this 
limb still remains altogether rudimentary. This relation of the 
third maxillipede to the locomotory function is a link connecting the 
Anomura with the Caridea, in which the third maxillipede functions 
as a locomotory organ as early as the Zoaea stage (p. 272). We 
must consider this as a character of the Mysis stage precociously 
developed, in which the Caridid Zoaea departs from the typical 
Zoaea, while in the Metazoaea of the Anomura it must be regarded 
as a last vestige of a lost Myns stage. 

The development of the Anomura has recently been described in 
detail by G. O. Sars (No. 150), while fragmentary notices concerning 
it were published earlier by Glaus (Nos. 6, 7, 8, and 113), Spkncb 
Bate (No. 98), Dohrn (No. 120), Faxon (No. 126), F. MCllbr 
(No. UO), Smith (No. 152), and others. The development of 
Eupagurus Bemhai'dus may serve as a type. 

The Zoaea of Eupagurus (Fig. 133 ^) has a somewhat compressed 
body, and is chiefly remarkable for the shape of its dorsal shield, 
which runs out anteriorly into a long rostral spine, but is deeply 
indented posteriorly, the indentation separating two points which 
are directed backwards. A similar form of dorsal shield is found 
in all Anomuran larvae. The short, stalked, and as yet immovable 
])aired eyes are remarkable for the posterior projections already 
described in connection with Oebia (p. 284). Between them the 
Nauplius eye can be recognised. The two anterior abdominal seg- 
ments are covered by the dorsal shield, the sixth abdominal segment 
is not yet marked off from the telson. The postero-dorsal margins 
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of the intermediate segmentB of the ahdomcn arc serrated. The 
telson is slightly cleft (a condition which reappears in the Brachyura) 
and is armed on each side with six setae. The first antennae (a') 
are simple and unjointed processes with setae at their tips. In the 
second antenna (a"), the unjointed endopodite is still continuous with 
the protopodite, while the small exopodite with setae on its inner 
side is already separated. The mandible has no palp. Behind the 
two pairs of maxillae there are two pairs of biramose swimming 
maxillipedes (m/", mf\ while the third pair (Fig. 133 G) is to be 



< Jf 




( BLf'^' 




Fio. 1S3.— Larval stages of Eujiognrus Bemhardus (after O. O. SarsX A, Zoaea (dorsal view). 
B, Metcuoaea (side view). C. ventral view of the segment carrying the third maxillipedes in 
the ZooMt. D, caudal fin of the Meiazoaea. a', first antenna; a", second antenna ; a^, rudi- 
ment of the fifth pleopod; a«, the sixth pleopod (uropod); mf, «/", m/'", the three 
raaxillipedea ; p^^p'^t t^e fl"t 'our ambulatory limbs ; *, gill-rudiments ; o?, upper lip ; 
t, mandibular palp ; r, rostrum. 

found only in the form of a very small two-jointed appendage pressed 
against the ventral surface. The five pairs of ambulatory limbs and 
the rudiments of the pleopoda are still altogether wanting. 

In a later stage, known as the Meiazoaea (Fig. 133 B), which 
still resembles the Zoaea in appearance, the rudiment of the third 
maxillipede (mf"') has developed further. It has a two-jointed 
exopodite beset with setae, which, like the exopodites of the pre- 
ceding maxillipedes, functions for swimming, while the indistinctly 
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segmented endopKxlite, still devoid of setae, appears rudimentaiy and 
functionless. The same character is shown by the rudiments of the 
four pairs of ambulatory limbs which follow (p^-p'^)y the largest of 
which are those of the first pair, and show distinct rudiments of 
pincers. A similar very small rudiment is also carried by the fifth 
thoracic segment (not visible in the figure). In the abdomen, the 
separation of the sixth abdominal segment from the telson has taken 
place ; we still find no rudiments of pleopoda on the second abdominal 
segment to the fifth, but the rudiments of the sixth pleopod {cfi) 
appear highly developed. The exopodite is specially apparent as a 
setiparous plate (Fig. 133 Z>, a), while the endopodite is a small 
prominence and is not yet separated from the protopodite. The 
middle plate of the caudal fin, the telson, is long and truncated, 
while the indentation evident in the earlier stage has disappeared. 
The antennae and mouth-parts have also developed further. On the 
first antenna (Fig. 133 B, a') we now find the short rudiments of 
the two flagella, in the second antenna (a") the endopodite is cut 
off from the protopodite, and is commencing to break up into joints 
the mandibular palp (t) has grown out as a short stump. 

The young stage coming from the Metazoaea can be compared 
with the Megalopa of the Brachyura. It already, in all essentials, 
resembles the adult, except that the eyes are still comparatively 
large, that the abdomen and its limbs have not yet undergone the 
degeneration characteristic of the adult, and that the asymmetrical 
development of the body is not nearly so marked. The abdomen is 
not yet spirally twisted, but is symmetrical, consisting of six well- 
marked segments, on which (except on the first) pleopoda, provided 
with long swimming setae, are found. In the caudal fin, as well as 
in the pincers of the first ambulatory limbs, a certain degree of 
asymmetry is already evident. The scales of the second antennae 
have been cast off, the two flagella-rudiments on the anterior antenna 
have increased in size. The young forms following upon this stage, 
in which the asymmetry is still little marked, were classed together 
by M. Edwards under the name of Glaucothoe, 

The metamorphoses of Spiropagurus and of Oalathea agree in all esscDtial 
points with that of Eupagurus, The Zoasae of Spiropagurus are distinguished 
from those of Eupagurus by the form of the telson, which has no posterior 
incision. The larvae of Galathea, which so closely resemble those of Eupagurus 
as often to be confounded with them, can be recognised by the presence of smftll 
teeth on the two posteriorly directed points of the dorsal shield (^. several 
larval forms belonging here and described by Spence Bate, No. 100, as 
ZoorUocaris). 
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In individual cases, the metamorphosis is slightly abbreviated, the larvae 
first hatching as Metasoaeae. This is the case in Oalalhodes and in the genus 
LUhodeSf which is closely related to the Paguridae, In both these forms, the 
eggs are comparatively large, and the escaping larvae take with them into 
larval life considerable masses of yolk, at the expense of which 
their further development is accomplished. In consequence of this, 
the mouth -parts of GaUUhodes (like those of Palaenum Potuinay 
mentioned above, p. 274) remain for some time in a remarkably 
undeveloped condition ; they are truncated and have no setae. In 
both these forms, the development of the sixth pair of plcopoda 
(uropoda) seem to be retarded as compared with that of the 




Fio. lS4.—Metazoaea of Hippa talpoidea (after S. Smith), m/', to/", h^"', the 
three maxillipedes ; p^-p^^, rudiments of the first four ambulatory limbs. 

other abdominal limbs. A much greater reduction of the meta- 
morphosis is found in Birgus IcUro^ if the statement of Willemobs- 
SuHM, which rests on the report of a tishcrmau, is established, 
according to which the young of this species leaves the egg in a 
form very similar to that of the adult. 

The larvae of AficnicUiy whose metamorphosis in all important 
points agrees with that of the typical Anomuran described 
above, are distinguished by a greater develop- 
ment of the spines. The rostrum exceeds in 
length the rest of the dorsal shield, the two 
posterior tips of the latter are drawn out into 
long spines, and the deeply -cleft telson also 
runs out into two long spinous processes. 

An excessive development of spines is found 
in the Porcellana larva (Fig. 135), which has 
long been known as LonehophMrus (Eschscholz), 
whose development, excluding older accounts, 
has been made known by MOller (No. 140), 
DoHRN (No. 121), Glaus (No. 8), Faxon (No. 
126), and G. 0. Sars (No. 150). The frontal 
spine is here of quite unusual length. The two 
lateral spines also, which end like hooks and 
nm out posteriorly, are of considerable length. 
The telson has here no posterior incision, but 
is a rhomboidal plate. In a few points, the 
nietamorphosis of Porcellana approaches that of the crabs, viz., in the position 
of the abdomen, which is ventrally curved, and in the order in which the 




Pio. IK—MetoMoaea of 
Porcellana longieomU 
(after O. O. Sars). in/*, 
n/\ mr\ the three 
maxillipedes ; p, rudi- 
ments of the ambula- 
tory limbs and their 
gills. 
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limbs bud out, which is distinguished by the fact that the third pair of 
maxillipedes develops simultaneously with the rudiments of the ambolatorr 
limbs (Fig. 186, mf* and p). The pleopoda of the second, third, and fourth 
abdominal segments are the first to appear, while those of the fifth segment 
and the lateral appendages of the caudal fin only develop at a later period. 

The development of the sand crabs {Hippidae, Fig. 134) also, which was 
made known by the treatises of F. MCllbr (No. 16), Claub (No. 8), Sidney 
Smith (No. 1I>2), and W. Faxon (No. 126), bears a general resemblance to that 
of the Anomura, although in this case, as in Poredlana, there are many 
suggestions of the Brachyuran affinities. The youngest stage, described I7 
W. Faxon for Hippa ialpoida, is a Zonea, on whose doi^sal shield only the 
rudiments of the later spinous processes can be recognised. The abdomen which 
is ventrally flexed has the first segment still indistinctly marked off from the 
thorax, and the sixth segment fused with the telson. The latter plate is toothed 
and rounded posteriorly. The rudiments of the two antennae, the maxillae, 
and the two anterior maxillipedes used, as swimming limbs, are present, while the 
third pair of maxillipedes, as well as all the following limbs, are still altogether 
wanting. From this stage proceeds the Metazoaea observed by Sidney Smith 
(Fig. 134), which shows the rudiments of the third pair of maxillipedes {mf) 
and the four anterior pairs of ambulatory limbs {p^-p'*^). The fifth pair develops 
somewhat later. The third pair of maxillipedes is not used as a locomotory 
organ, although it functions in this way in the larva described by Glaus and 
referred by him to Albunea (No. 8). In the Hippa larva, the dorsal spine of the 
cephalo-thprax, so characteristic of the Brachyuran Zoaeae, is wanting. On the 
other hand, a long, anteriorly-curved rostrum develops, as well as the lateral 
posteriorly-directed spines which occur in all Anomura. From the Mdasoaia, 
after several moults, there comes a MegcUapa very like the adult, being chiefly 
distinguished from it by the coraiMtratively large size of the eyes and the 
presence of strong biramose swimmerets on the five posterior abdominal segments. 

The larvae of the Apterura {Dromiay Homola) also, described by Boas 
(No. 104) and Gourret (No. 130), are nearly allied to those of the Anomura. 
Unlike the Brachyuran Zoaea, the third maxillipede in them has an exopodite 
which functions for swimming ; in Dromia^ indeed, there is a similar exopodite 
on the first ambulatory limb, this being a more distinct indication of a Mysis 
stage than is found in the Anomura. In the shape of the dorsal shield and of 
the abdomen, which is provided with two pairs of biramose pleopoda, the 
Apteruran larvae agree with the Anomura. * 

H. Bracbyora. 

Most Brachyura leave the egg in the form of a 2k>aea which varies 
very little in appearance throughout the group (Fig. 136). The 
compact and usually oval body is, as a rule, characterised by the 
regular development of spines.! There is a frontal spine sloping 
downwards and forwards, a dorsal spine rising from the centre of 

* [The Anomuran Dccapoda were formerly divided up into the Pterygura and 
the Apterura. Of these the former (by far the larger group) are now classed 
by Stebbino with the Macrura as the Anomalous Macrura, and the latter, 
comprising the Drominea and Ranininea, as the Anomalous Brachyura.— Ed*] 

t w ELDOM has pointed out the significance of these spines in checking move- 
ment in certain directions. Joum. Mar, BioL Assoc, ^ N. S., Vol. i. 
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the dorsal shield and sloping upwards and backwards, and a pair 
of lateral spines at the posterior lower angles of the shield which 
slope outwards. At the anterior part of the body, the large, short- 
stalked lateral eyes rise from broad bases; between them lies the 
Nauplius eye. The movable abdomen which is used as a rudder 
for steering, is ventrally flexed, and consists of five free segments, 
while the sixth still appears to be united in one piece ^vith the 
telson. The posterior thoracic region, which later bears the 
ambulatory limbs, appears in the Zoaea very little developed. It is 
quite short and rudimentary, is hidden under the dorsal shield and 
shows either no indications at all of limbs (peraeopoda), or only short 
truncated rudiments. In the last case it would perhaps be more 
correct to call the stage at which the larva leaves the egg the 
^fetazoaea, 

The seven anterior pairs of limbs are present in the Zoaea, well 
developed and functional. The antennae are distinguislied by great 
simplicity of shape. The first antennae are short, unjointed processes, 
at the ends of which only a few setae develop (in the youngest stage 

of Carcinus 
maenas only 
two (Spkncb 
Bate)). The second antenna consists 
of a protopodite which often grows 
out into a very long spinous process 
(Fig. 137 B, ex), which is seen less 
strongly develoiied in the Anomuran 
larvae {ejj.^ Etipagwits). Another 
spinous process clothed at its end 
with setae must be regarded as the 
exopodite (squame, st). The endopodite 
(rudiment of the future flagellum) is 
at first altogether wanting, but soon 
appears in the form of a small prominence which grows out between 
these two spinous processes. The mandible still consists exclusively 
of the masticatory blade ; the mandibular palp is altogether wanting. 
The maxillae already show the structure typical of the Decapoda 
(Fig. 137 Z> and E), The protopodite of the first maxilla has two 
masticatory blades turned inwards and provided with setae, and a 
two-jointed palp (endopodite). On the second maxilla there are 
four lobate masticatory processes on the protopodite, two occurring 
on each joint, an endopodite also divided up into lobes, and an 




Fio. 138.— Zoaea of Thia polita (afler 
Glaus), ruf, first maxillipede; 
m/", second maxillipede. 
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exopodite developed as a respiratory plate fringed with setae. The 
two anterior maxillipedes (Fig. 136, mf\ mf) have developed as 
bii;amose swinxming limbs. The endopodite of the first maxillipede 
has four joints, while that of the second maxillipede is more rudi- 
mentary and usually consists of three short joints. The exopodites 
(flagellate branches) have long swimming setae at their ends. The 
rudiments of the succeeding limbs (third maxillipedes and first five 
ambulatory limbs) seem entirely wanting in the youngest Zoom of 
many Brachyura (e.g,^ in Pinnixay W. Faxon), in other cases some 
or; all of them appear as short, truncated outgrowths (Maja, Inachus). 
The pleopoda are still altogether wanting. The abdomen is generally 
distinguished by a definite development of spines, the second segment 




Fio. 187.— Limbs of an older Zoaea of Portumis (after Glaus). A, first antenna. B, second 
antenna. C, mandible. D, first maxilla. E, second maxilla, en, endopodite; st, exopodite; 
ex, spinous process ; t, mandibular palp. 

haying a pair directed anteriorly, and the three succeeding segments 
eaqh having a pair directed posteriorly. The telson, as a rule, has a 
characteristic forked form, and is produced out laterally into a long 
spine. On the inner side of these two processes on the telson there 
are, in most cases, three strong setae. 

The form of the Brachyuran Zoaea undergoes, in isolated cases, variatioiis 
from the type here described, which are chiefly connected with the develo}»- 
ment of tlie spinous processes and the form of the telson. In Oelasimuf, for 
instance, the spinous processes of the dorsal shield are unusually short In 
Aehaeus, there is no frontal spine, but a short dorsal spine is retained. In 
Iriachus also the frontal spine is wanting (Claus, No. 8 ; Gourret, No. 130). 
In Maja (Couch) and in Eiirynome (Kinahan) all the spinous processes are 
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wanting. Claus, howcFer, has described the presence of a long frontaL spine 
on the Zo€ua of Uaja, In a larva described by Dohrk (No. 12t)*as Fi^ocdriSf 
which has a long frontal spine and two pairs of laige latei:al spines, the dorsal 
spine is wanting. In other cases the dorsal and lateral spines may be exceed- 
ingly long, and may end in balloon-shaped swellings. Larvae thus provided 
with lateral spines projecting backwards were described as PltUeoearicUu by 
Claus (No. 8). A Zoaea form distinguished as Pterocaris is remarkable for 
the wing -like elevations of the lateral parts of the carapace, and for the 
transversely-broadened form resulting from this. 

Many of the Zoaeae of the Brachyura are distinguished by the great develop- 
ment of the spinous process on the second antenna ; e.^., those of Xatitho 
rivulosus (GouKUET, No. 130) and of Paniopeus Sayi (W. Faxon, No. 125), 
in which this process equals in length the long frontal spine. 

When the youngest Zoaea leaves the egg, it is not altogether free, but 
appears surrounded by a somewhat loose and detached larval integument 
(p. 119) ; this has been claimed by Conn as the cuticle of the Protozoaea stage 
])assed through during embryonic life. Only after a moult, which usually 
takes place early, does the Zoaea become free. A similar condition is found 
in many other Decapoda (e.g., in all Anomura and many Macrura). F. MCllbr 
(No. 16) has piointed out the morphological interest of a study of this larval 
integument, the form of the tail in this youngest integument i;i AcJiaeus, and 
perhaps also in J/o/a, recalling that of the shrimp larvae. This larval cuticle 
was utilised later by Paul Mayek (No. 187) in an attempt to. derive the different 
forms of telson and for phylogenetic purposes. More recently, further investi- 
gations with regard to it have been made by W. Faxon (No. 125) and Conn 
(Nos. 114 and 115). The spinous processes of the dorsal shield are always 
wanting in the larval integument, but are often present as mdiments beneath 
the cuticle, withdrawn in a telescopic manner. While, in the group of the 
Grapsoidea {Sesarma)^ the larval integument, apart from the spinous processes, 
is a fairly true cast of the Zoaea which proceeds from it, in most other 
Brachyura it shows no inconsiderable deviations from that form. The antennae, 
especially, appear in the larval integument in a higher degree of development. 
The first antenna consists of a protopodite and two terminal branches provided 
with setae, one of which is of considerable length. The second antenna is 
specially remarkable for the presence of large processes provided with setae 
on the exopodite. In the posterior region of the body, the caudal fork is usually 
characterised by possessing seven feathered set$ie on each side. The number 
seven seems to be typical in the setae of the telson throughout the Decapoda, 
and renders the study of the hatched Zoaea before the casting of the larval 
integument a valuable aid in tracing back the shape of the telson, which otttn 
varies in a later stage, to the fundamental form already described (Paul Mater). 

The series of ontogenetic stages which follow after the Zoaea 
have usually received the same name, but have been more suitably 
called Meiazoaeae by Claus (No. 7). They do not, in general shape 
(c/. the somewhat younger stage. Fig. 138), entirely resemble the 
Zoaea, but are distinguished by the greater development of the 
limb-rudiments. In the first antenna (Fig. 137 ^) there is now an 
unjoinied protopodite showing the rudiment of the auditory organ 
as a vesicular swelling, and two rudiments of flagella, the inner still 
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being short and unjointed, while the outer flagellum, beset at iU 
end with olfactory filaments, has broken up into short rings. The 
second antenna (Fig. 137 B) has the rudiment of the flagellum 
(endopodite) greatly developed ; but the softer portions have with- 
drawn from the spinous process and the exopodite as a sign that 
these appendages will be lost in the next moult. On the mandible 
(C), a finger-shaped and still unjointed mandibular palp has developed. 
The two maxillae (D and E) have undergone changes which are 
comparatively slight, while in the two anterior maxillipedes the 
exopodites are divided up at their ends into short joint?, and seem 

beset with numerous 
swimming setae. The 
rudiments of the third 
pair of maxillipedes 
and of the five ambulatory limbs 
(Fig. 138, IV-VIII) are already 
conspicuous. They, however, have 
no clothing of setae and ai*e still 
ftmcUonless, being carried closely 
preyed against the sternal surface 
of the body. These rudiments 
develop gradually, but always in 
the direction of the form of the 
adiilt appendages. The third max- 
illijwile thus soon shows all the 
parte of the future limb, a two- 
jointed exopodite and the branchial 
apjjendages, which also develop on 
the tliree following pairs of limbs. 
The most anterior pair of ambu- 
latory limbs with their pincers 
develop greatly. On the abdomen, 
the pleopoda have now developed 
as indistinctly two-jointed append- 
ages, while tlie sixth pair are still simple stumps. An exopodite 
does not develop on the*ambulatory limbs. The Mysis stage is thus 
suppressed in the metamorphosis of the Brachyuray and is replaced 
hy the Metazoaea stage. This is an interesting case of simplification 
of the course of development. 

The Metazoaea passes into the young form of the Brachyuran 
known as the Megcdopa (Fig. 139 il and B\ which brings about the 




PKi. 198.—Zoaea of Maja after ecdyRis 
(after OLkVB, firom Land's Text-book). 
1, S, nnt and second antennae ; /, //, ///, 
fint three maxillipedes ; IV-VIII, first 
five ambalatory limbs ; a^-a^, last five 
pleopoda; /i, heart. 
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transitioii from the swimming to the creeping manner of life, and in 
the most important points of its segmentation already agrees with 
the adult. In the condition of the abdomen, the Megdhpa is some- 
what on a level with an adult Anomuran Decapod. The anterior 
part of the body with the limbs already shows the typical Brachyuran 
character. The youngest Megalopa stages, however, still in most 
cases carry on the dorsal shield traces of the former Zoaean spines 
(Fig. 139 A). The limbs have now attained their final shape; 
the maxillipedes have lost the locomotory function and are com- 

A 




¥ni. 139.— Three ontogenetic stages of Cardnus maenas. A^ younger, and B, older Megalopa 
stage. C, yoang crab, (i, after Spbnce Bate ; B and C, after Brook), d, dorsal spine ; 
r, rostram. 

paratively smaller. The ambulatory limbs, on the contrary, have 
developed greatly. The abdomen is still stretched out backwards, 
and shows the]|pleopoda as swimmerets provided with long setae ; 
these consist ofJ[a basal joint and an oval terminal plate provided 
with setae (exopodite), while the quite short endopodites furnished 
with small hooks, [as retinacula, serve to connect the right and left 
swimmeret^ and consequently bring about a simultaneous movement 
of the two limbs. The forked telson of the Zoaea has changed 
into a rounded caudal plate. 
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The different Brachyuran MegaZopae also show variations ir details, these 
leading to the formation of distinct genera by Dana {Mareiiia. Manoltpii^ 
Cyllene^ Triloba), The youngest Megalopa stages of different forms vary nith 
regard to the remains still to be found of the Zoaean spines'. While these are 
still to a considerable extent retained in Carcinus inaenas (Spexcb Bate, 
No. 97), they are, in other cases, more degenerate, and may even {PoHunui) be- 
altogether wanting in the youngest Megalopa which develops from the Metasoaea, 

The Megalopa passes gradually through several moults into the 
final form (Fig. 139 C). The changes during this period, which were 
described for Carcinus mamas by Brook (No. 106), are chiefly in 
the shape of the dorsal shield and the degeneration of the abdomen 
typical of the Brachyura, this part of the body being from this time 
curved ventrally and applied to the thoracic sterna. 

While, in by far the greater number of Brachyura, metamorphosis takes 
the course described above, it undergoes considerable abbreviation in individual 
cases, by the suppression of certain stages. An interesting example of this is 

found in Finnmif where 
the Metazoaea stage, at 
the last moult, gives rij* 
direct to a young crab, 
the Megalopa stage being 
entirely wanting in this 
form (W. Faxon, No. 
126). 

The metamorphosis of 
some land and fresh- 
water crabs appears ab- 
breviated in another 
manner. Westwood 
(No. 156) sUtes that 
tlie young of a species 
of Oecareimu leaves the 
egg in a condition which, apart from the want of pleopoda, altogether resembles 
that of the adult. Thompson, on the other hand, found that, in other species 
of OecarciniiSt the young hatch as Zoaeae. This is also the case with other laud 
crabs {Ocypoda^ QeUxsimvus) ; it therefore appears that, in most crabs that live oo 
land, metamorphosis is not abbi-eviated, and that the young Zoa^tu are hatched 
in the sea, a fact connected with the regular migration of the laud crabs to the 
sea-shore (F. Muller, No. 16). 

The abbreviation of metamorphosis in fresh-water crabs {Triehodadylus, 
F. MCller, No. 143; Dilocarciniis, Goldi, No. 129; Telphusa, Merca>'TI, 
No. 139) is, on the other hand, in agreement with what is known of other 
fresh-water Decapods (e,g.f PaZa^rwnetes^ Astaeiia, &o.). The young (Fig. l^^) 
here leave the egg in a form already greatly resembling the adult The eyes 
still appear comparatively large, and the cephalo-thorax, on account of the 
presence of food-yolk, is much swollen. The abdomen has no pleopoda. In 
DUoeardnuSy the segments of the abdomen are still quite distinct, and do uot 
yet show the fusion characteristic of the adult ' 





Fig. 140.— Youngest stage hatching from the egg of Tdpkuta 
fluviatUU (after Mercanti). ^, dorsal aspect. B, lateral 
aspect 
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11. Stomatopoda. 

The Stomatopoda are a branch of the higher Crustacea which 
very early separated from the common Malacostracan stock, and 
which retain in their organisation very primitive features, side by 
side with peculiar developmental forms. Among the former we 
may reckon the long dorsal heart provided with many pairs of 
ostia, and the condition of the dorsal shield which covers the 
segments carrying the maxillipedes, but does not fuse with them. 
Another primitive character is perhaps found in the presence of ten 
pairs of segmen tally-arranged hepatic tubes, some of which belong 
to the abdomen. The position of the more important organs (hepatic 
tubes, genital organs, heart) in the large abdomen is a distinctive 
characteristic of the Stomatopoda, as opposed to other Malacostraca, 
in which this region of the body serves almost exclusively as a 
muscular locomotory organ. 

On the other hand, the metamorphosis of the Stomatopoda shows 
peculiar characters, although it cannot be denied that it has a 
certain ontogenetic tendency in the same direction as that of other 
Malacostraca. In spite of the important treatises of Glaus (No. 86) 
and Brooks (Nos. 83 and 84), our knowledge of the metamorphosis 
of the Stomatopoda is still somewhat incomplete, especially with 
regard to the first stages which hatch from the egg, and the con- 
nection between the larval forms, that often vary greatly, and the 
sexual animals to which they belong, these last differing less from 
one another than do the larvae. A general distinction may be made 
between two tyi^es of larvae which, however, are connected together 
by intermediate types; these two were formerly classed as separate 
genera under the names of Erichthvs and Alima. Of these two 
forms the EriclithuB shows the more primitive metamorphosis, so 
that we shall describe this larva first. 

The youngest known stage of the ErtcJithus series, probably the 
one at which the young animal leaves the egg, is called the 
Erichthoidina. The youngest larva known (Fr. MOllbr and Glaus, 
No. 87) is 2 mm. long, and is seen to be divided into three regions : 
(1) an anterior, unsegmented cephalic region which carries the eyes, 
antennae, and mouth-parts, and gives origin to the fold of the dorsal 
shield which projects backwards; (2) a middle thoracic region hidden 
under the dorsal shield and consisting of eight segments, the five 
anterior carrying Gopepod-like biramose limbs, while the three 
posterior segments are limbless; (3) a posterior region in which 
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the still unsegmented abdomen is developed in the form of a flat 
caudal plate. The spines of the dorsal shield recall the Protozoaea 
stage of Luci/er, There is a long, forwardly-directed rostrmn, a 
short, unpaired median spine projecting backwards from the posterior 
edge of the dorsal shield, while, springing from the sides, are two 




Fia. I4l.— Several consecutive Krichthoidina stages (after Claus). a\ first antenna; a"- 
second antenna; a^-cfi, the six pleopoda; I-l\ the live niaxilli pedes ; 6, 7, 8, the three 
posterior thoracic segments which, in these stages, have no limbs. 

long posterolateral spines (Fig. 141 A). Besides the Nauplius eye, 
the paired stalked eyes are found on either side of the rostrum ^^^^ 
the dorsal shield. The two pairs of antennae are still short and 
uniramose. The mandible has no palp, and the two pairs of maxillae 
are present in a very rudimentary condition as small lobes. The five 
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pairs of swimming limbs which follow (Fig. 141, I-V) are biramose, 
and provided at their ends with setae ; these appendages correspond 
to the five pairs of maxillipedes found later, while the next three 
limbless segments (6, 7, 8) carry at a later stage the biramose 
ambulatory limbs. In the stage now under consideration, all the 
thoracic segments are quite distinct, the five anterior ones being 
provided with limbs, while the abdomen is still unsegmented. In 
the following stages, the abdominal segments appear in regular 
order, as also do the pleopoda belonging to them, while still 
no trace of limb-rudiments can be seen on the last three thoracic 
segments. It results from this, that, in the Stomatopodan meta- 
morphosis, the primitive order of development of the segments 
(from before backward) is retained, whereas this order is broken 
through in the formation of the limbs by the belated appearance 
of limb-rudiments on the three posterior thoracic segments. 

In the next stage (3 mm. long, Fig. 141 A), the first abdominal 
segment is marked off, and the rudiment of the first pair of pleopoda, 
still devoid of setae, are already to be seen on it (a}). In the first 
antenna, the rudiment of an accessory fiagellum can be recognised 
as a short conical process. The five pairs of swimming limbs are 
also modified. In the second swimming limb particularly, the 
endopodite has enlarged as the rudiment of the future raptorial claw. 

In the next stages (Fig. lil B and C7), the different abdominal 
segments and their limbs continue to appear in regular order. The 
anterior pair of pleopoda are already developed as biramose lamellate 
appendages furnished with setae, while those of the posterior 
segments are more rudimentary in shape {a}-a^). Even the sixth 
pair of pleopoda (o^), which later attains great development as 
lateral limbs of the caudal fin, is no exception in this respect, but 
develops last and in a shape exactly resembling the other pleopoda. 

Meantime, the limbs of the anterior portion of the body, especially 
those of the maxillary region, undergo important alteration. In the 
anterior antenna (Fig. 141 £>, a), we can distinguish a three-jointed 
protopodite, a short exopodite beset with olfactory setae, and a longer 
inner branch (the rudiment of the accessory fiagellum appearing at a 
later stage). The second antenna, besides a fan-like plate which has 
developed on its extremity, shows the bud-like rudiment of a 
fiagellum. Whereas the mandible is still for a long time without 
a palp, short rudiments of palps have already appeared on the two 
maxillae. The two anterior maxillipedes (Fig. 141 B, C, D, /, II) 
change in the direction of their final shape; the exopodite which 
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serves as a swimming organ degenerates and finally altogether 
disappears. The endopodite of the first maxillipede remains com- 
paratively small, and gradually develops the rudiment of a small 
prehensile claw at its end. The endopodite of the second maxillipede, 

on the contrary, early develops into a 
powerful, clawed raptorial limb. On the 
basal joints of both these limbs the 
rounded epipodial plates, which are still 
without setae, appear simultaneously. 
The three following pairs of biramose 
limbs meantime undergo an unusuaUy 
interegtirig 2^foceifs of degeneration, by 
which their transformation into the 
adult form is introduced. Here also 
the exopodite gradually vanishes, but, 
in addition, the endopodite becomes an 
unjoin ted rudiment without setae, out of 
which, only in later stages, is produced 
the adult limb ending in a short pre- 
hensile claw. Indeed, the degeneration 
of these three limbs may go so far that 
they disappear altogether, only to re- 
appear in later stages simultaneously 
with the rudiments of limbs of the 
three following thoracic segments (sixth, 
seventh, and eighth thoracic segments). 
In the latter case we have a larva which, 
in the possession of the seven anterior 
pairs of limbs and the absence of the 
six following thoracic limbs, shows a 
certain agreement with the Zoaea of 
other Malacostraca, and which has there- 
fore been called the Fseudozoaea of the 
Stomatopoda (Fig. 143). This larval 
type, first described by Fr. MCllbb, 
chiefly occurs (Glaus) in the larvae 
belonging to the genera Pseudosqt^ 
and Gonodactylus which were described 
by Brooks as Pseuderichthtis and QoneHchthus ; it is, however, 
also found (Brooks) in the ontogenetic series (Lysioerichthui) ^^ 
the genus LysiosquUla, 




Fig. 142.— Older Erlchthus (after 
Claus). o', llrst antenna; a", 
second antenna; /-T, maxilli- 
pedes; VI-VIII, nidlments of 
the three ambulatory limbe ; 
oi-oO, the bIx plcopoda; 5r, 
branchial nidiinents. 
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Later stages, which are distinguished by the transformation of the 
sixth pair of pleopoda into the lateral appendages of the caudal fin, 
bring about the transition to the actual Erichthvs stage (Fig. 142), 
the three posterior maxillipedes gradually reappearing and the 
hitherto missing pairs of limbs of the last three thoracic segments 
growing out as buds. When the rudiment of the rounded prehensile 
claw can be recognised on the last three maxillipedes, and the three 
lx)sterior thoracic appendages are seen as rods which soon become 
biramose, the Erichthua stage appears to be reached. This stage 
thus possesses all the limbs of the adult form. The transition into 
the sexually mature form is accomplished very gradually, the 
abdomen continually increasing in size, and the branchial filaments 
(hr) growing out on 
the exopodites of the 
abdominal limbs. The 

larval forms which bring 

about this transition to 

the sexually mature 

animal, when exhibiting 

broad and compact 

bodies and retaining the 

appearance of the Erich- 

thu8, are known as 

SquillerichihuSy while 

certain ontogenetic 

forms which, even in 

the Erichthoidina and 

Erichthus stages, are 

remarkable for their 

slender bodies, pass from 

the latter into a SquUloid 

stage (Claus) which 

more nearly resembles 

the adult form. 

A second Stomato- 

podan ontogenetic series 

consists of the Alima forms. These larvae (Fig. 144) are distin- 
guished by their great size, the length of the body, and the broad, 

flat cephalo- thoracic shield, which usually does not cover the 

posterior thoracic segments ; further, by the position of the mouth, 

which has shifted far back, and by the slight forward extension 




Fio. 143.— Squilloid lanra (scMsalled P9tudo»oaea\ after 
Glaus, a', first antenna ; a'', second antenna ; /, //, 
first and second maxillipedes ; «p, epipodial appendage ; 
oi-oO, the six pleopoda. 
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of the shield, owing to which the bases of the eye-stalks appear to 
be covered by the rostrum only. None of these features, taken 
alone, is to be relied upon in distinguishing between the Alima 
and the Ei'ichthvs^ since forms are known which, by the anterior 
position of the mouth and the covering of all the thoracic segments 
by the dorsal shield, show affinities with the Einchthus, while, hj 

the uncovered condition 
of the eye -stalks and 
the flattening of the 
cephalo - thorax, they 
show AHma character- 
istics. Such transition- 
ary forms have been 
called Alimeridithus. 

The youngest known 
AHma stages (Fig. 144) 
probably correspond to 
the Fseudozoaea de- 
scribed above in connec- 
tion with the Erichihw 
series. The anterior an- 
tenna already shows the 
rudiment of the acces- 
sory flagellum, while in 
the second antenna, 
which ends in an oval 
plate, the rudiment of 
the flagellum is still 
wanting. The first pair 
of maxillipedes (/) aw 
long and palp-like, while 
the second pair (//) have 
already assumed their 
final form as prehensile 
organs. The three following pairs of maxillipedes (III-V) as well 
as the three pairs of biramose ambulatory limbs are entirely wanting. 
The segments to which these latter belong may still be indistinctly 
marked off. The four anterior pairs of pleopoda are well developed, 
while the fifth and sixth abdominal segments are still but slightly 
developed as limbless rudiments. It appears that the AHma 
leaves the egg in the form just described (cf. P. Mayer, No. 13S, 




Fig. 144. — Young Alivm larva (after BrooksX a', first 
.antenna; a", second antenna; /, II, first and second 
maxillipedes; G, 7, 8, tliree posterior thoracic segments ; 
oi-a5, first five pleopoda. 
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p. 219) ; the metamorphosis of the Alima series would thus appear 
abbreviated by the suppression of the Erichthoidina stages. The 
further course of development in the Alima form agrees with that 
in the Erichthus forms. 

The connection of the various ontogenetic forms with definite genera and 
species of Stomatopoda can hardly be accomplished on account of the difficulty 
of obtaining continuous series of stages. It must, however, be considered 
probable (Brooks, No. 84) that the Alima and Alimerichthus forms represent 
the larvae of the genus SquUla. W. Faxon, at least, succeeded in producing 
from an advanced Alima the young stage of SquUla empttsa. Brooks believes 
that he can recognise in Alimerichthus the larvae of species closely related to 
Squilla microphthalma. Still more difficult to decide is the question in what 
way the Erickthus forms which merge one into the other are to be distributed 
among the other Stomatopoda. Clavs, however, has related certain Eriehihus 
forms with high, laterally compressed frontal spine and short carapace {Paeude- 
richthus. Brooks) to the genus Fseudosquilla, while, on account of the slightly 
arched dorsal shield, the long rostrum and the closely approximated, posterior 
lateral spines, and, above all, the absence of teeth on the terminal joint of the 
lai^e prehensile maxillipede, he has related otiier forms {Oon^richthuSf Brooks) 
to Oonodactylus. Another series of larval forms {Erickthus Duvauccllei and 
muUispinosus) characterised by a strongly arched dorsal shield, a flat abdomen, 
widely separated posterior lateral spines, as well as ventrally incurved lateral 
eilges of the dorsal shield, may be referred, with Brooks, on account of the 
presence of numerous teeth on the terminal joint of the second maxilli^iede, 
to Lysiosquilla, and may therefore be called Lysioerichthus, Brooks was able 
to observe, in the case of a larva nearly related to Lysioerichihus muUispinosus^ 
the direct transition into Lysiosquilla excavatrix. With regard to the difficulty 
of classifiying the other larval forms, it must be borne in mind that our 
knowledge of the adult forms is by no means complete, as has been proved by 
occasional discoveries (such as that of the remarkable Pterygosquilla found 
by Hilgendorf). Fossil Stomatopoda have also recently become known. 

12. Cumacea. 
The Cumacea, which occupy an intermediate position between the 
Schizopoda and the Arthrostraca (especially the Anisopoda), show 
an abbreviated and fairly direct form of development. As in 
the Mysidae (p. 257), metamorphosis is confined almost entirely 
to stages passed through within the brood-cavity of the mother. 
The embryos, by their dorsal curvature, as well as by the presence 
of the dorsal organ, recall the Isopoda. The compound eye, which 
in the adult is usually unpaired, arises by the fusion of paired 
rudiments. The young that emerge from the brood-cavity are still 
without the last pair of thoracic limbs, and, in this respect, resemble 
the Isopoda. Only the sixth pair of pleopoda is well developed. 
The five anterior pairs are wanting in the young (as is also the case 
in the Anisopoda), and are, as a rule, only partly developed in the 
adult males (Dohrn, No. 96). 
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13. Anisopoda. 

Among the Arthroetraca, the Anisopoda (Apseudes, Tanais) show 
the most primitive condition, somewhat suggestive of that found in 
the Schizopoda. Embryonic development and the greater part of the 
metamorphosis here takes place within the brood-cavity of the mother 

(as in Mysis and the Cumacea). 
The young on emerging from 
the brood-cavity (Fig. 145), like 
those of the Isopoda, are dis- 
tinguished from the adult by 
the absence of the last pair 
of thoracic limbs. As in the 
Cumacea, aU the pleopoda, ex- 
cept the sixth pair, which are 
filamentous caudal appendages, 
are wanting. A point of great 
interest is the presence of a 
wing-like shell-fold {ps) stand- 
ing out laterally from th^ 
cephalo-thorax. This renders 
possible the derivation of the 
Arthrostraca from a racial form 
provided with a dorsal shield, 
and also seems to establish the 
significance of the lobe -like 
appendages of the Asdlus em- 
bryo {cf, above, p. 161). 




Fio. 145.-> Young of Apmidea LatrtiUU trom 
the brood-cavity (after Clau8>. II-VII, 
second to seventh thoracic segment ; 1-^^ the 
six abdominal segments ; a\ first antenna ; 
a"f second antenna ; aJbfi, sixth pleopod ; cp, 
epipodial appendage of the maxillipede ; er, 
exopodites of the first and second thoracic 
limbs; iiuq/; maxillipede; pi, })>, first and 
second thoracic limbs ; p$, carapace. 



14. Isopoda. 

We have already had occasion 
to mention some features of the 
development of the Isopoda 
(p. 150), especially the dorsal 
curvature and the development 
of the dorsal organ in these animals. In the Isopoda also, after the 
full number of segments have appeared and the limb-rudiments have 
developed, the egg-envelope splits, and the larva, still incapable of 
motion, maggot-like, and surrounded by the JN'auplius cuticle, uDder- 
goes its further development in the brood- cavity of the mother 
(Aselltis). When it leaves that cavity, it already resembles the adult 



Digiti 



zed by Google 



ISOPODA. 305 

in the general segmentation of the body, being still distinguishable 
from the latter by the relatively large size of the head and the eyes, 
the incomplete segmentation and the non-existence of setae on the 
limbs, and above all by the absence of the last pair of thoracic limbs, 
Tliis young form passes gradually through several moults into the 
adult stage. Schiodte and Mbinert (No. 175) distinguished in 
the Aegidae (and Cj/mothoidae generally) three consecutive larval 
stages, the youngest of which, found still in the brood-cavity of 
the mother, is marked by the absence of setae on the limbs and 
the telson. The second free-swimming stage has already developed 
setae, and during the third stage the limb-rudiments develop on the 
last thoracic segment. In the Cymothoidae we meet with indications 
of degeneration owing to the parasitic life adopted by these forms ; 
these even appear during metamorphosis, finding expression in the 
shortening of the antennae and the changing of the thoracic limbs 
into adhesive organs. 

In iDdividiial case?, these changes lead, through the reductions caused by 
parasitism, to a much more distinctly marked metamorphosis, the sexual 
heteromorphism also being more accentuated than in the free-living Isopoda. 
This is the case in the families of the Anceidae, Bopyridae^ and Entoniscidae. 

In the genus GiicUhia^ the female form (Praniza) is very different from the 
sexually mature male {Aiiceus), In the female, the head is small and triangular, 
and three of the posteiior thoracic segments fuse to form a swollen region 
(brood -chamber) ; in the male, the head is broad and square, and the seizing 
pincers are branched like the horns of the stag-beetle. The young forms of 
this family show the elongate Praniza type, but from the very earliest stages 
there are indications of sexual dimorphism, the larvae which will become 
females already showing signs of the fusion of three thoracic segments, which, 
in the young males, are quite distinct from one another. These Prantaz-like 
larvae lead a parasitic life (on fishes). Consequently, mouth-parts which are 
adapted for piercing and for suction project forward under a large upper lip. The 
mandibles and maxillae are adapted for piercing ; they are palpless, and pointed 
like .stylets, and the mandible and second maxilla are toothed at their ends. A 
pair of maxillipedes follows, the segment carrying them being fused with the head. 
This anterior maxillipedc, which is somewhat long, forms a kind of lower lip, 
while the second gnathopod ends in an anchoring hook. The five following thoracic 
segments (the third to the seventh) carry five pairs of limbs changed into 
anchoring organs, the fifth to seventh being fused in the female.* The eighth 
thoracic segment is retained in a very rudimentary condition, and is followed by 
a well -segmented abdomen furnished with biramose pleopoda used for swimming. 
During the transformation into the adult form, the upper lip and the maxillae 
are lost, while the maxillipedes undergo important alteration. They become 
lamellate organs for promoting circulation of the surrounding water. In the 

* fAccording to Stebrino {A History of Crustacea, London, 1893) it is the 
fourth, fifth, and often the sixth thoracic segments which fuse and form the 
brood-chamber. — Ed. ] 
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female larva the head decreases in size, the eyes undergo degeneration, while in 
the male larva the head grows out into a large square region of the body, which 
is also provided with degenerate eyes, and from which project, anteriorly at the 
sides of the rudimentary upper lip, two strong seizing pincers. We should feel 
inclined to derive these latter from the mandibles of the young form, had not 

DoHRN observed that they have an 
inde{)endent origin {cf. the treatises 
of Spexce Bate, No. 161 ; Hesse, 
No. 168, and Dohr.v, No. 164). 

In those much specialised parasites, 

the BopyridcLC, which have sucking 

and very much reduced mouth-parts, 

striking sexual dimorphism develops 

f/I 4(nS;*5rr I l?:^*-*!-. J ft '\n 1^ manner similar to that found 

UoSiv' - -^^^\A_ ^ ^^^!^ 41 ^" many parasitic Copepoda (Lerntuo- 

podidae)y the less degenerate but 
smaller dwarf males (Fig. 147 A) 
appearing attached to the large 
and much deformed females. The 
males retain in general the Isopod 
api)earance, the body remains 
symmetrical and distinctly seg- 
niented, the eyes are retained, 
although in a reduced condition. 
In the female, on the contrary, the 
eyes are almost entirely lost; the 
disc-like broadened l>ody is asym- 
metrical, and its segments often indistinctly marked off one from the other. 
The segmentation of the abdomen may in both sexes be reduced. 

The larvae of the Bopyridae^ when they leave the brood-cavity 
(Fig. 146), have well-developed jointed antennae, the second pair 
heing principally used for locomotion. The mouth-parts already 
show the structure characteristic of the adult. The six pairs of 
thoracic limbs are developed as anchoring organs. The last thoracic 
segment is still, as in all Isopod larvae, without limb-rudiments. 
Most of the abdominal segments are distinct from one another, only 
the last two are fused with the telson. There are five biramose (in 
many forms uniramose) pairs of pleopoda used as swimming limbs, 
while the limbs of the sixth segment (uropoda) have developed as 
caudal hooks. There are no distinctions of sex at this stage between 
the larvae, which swim about freely and seek for their future host 

After attachment has taken place in the branchial cavity of the 
host (commonly a prawn), the larva develops further through 
the appearance of the last pair of thoracic limbs, and the great 
reduction of the antennae and the pleopoda, till, finally, the reduced 
adult form above described is reached. The abdomen of the adult, 



Fio. 146.— Larva of Bopyrus with six pairs of 
thoracic limbs (after Walz). a', first ftntenna ; 
a", second antenna ; md, iiiandible ; ul, lower 
lip; abt, first abdominal segment. 
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m many forms, carries unjointed tubes or lamellae corresponding in 
position to the pleopoda; these are, perhaps, of importance as 
respiratory organs, and were formerly repeatedly claimed as trans- 
formed pleopoda. Kossmann, however, has pointed out that they 
appear as new structures only after the entire disappearance of the 




Fio. \47.—At male of an Eatoniscid {Cancrion miser). B, young larva of an Entoniscid 
(Portunion maenadis), after Giard and Bonnibr, fh)in Lano's Text-book, a', first antenna ; 
a'', second antenna; ab, abdomen; an. eye; A, testis ; he, heart; /, hepatic tubes; pii-pl^t 
the six pleopoda ; r, rostrum ; t^-t,, the second to the seventh thoracic limb ; fA, thorax. 

latter. This, however, does not disprove the pleopodan character 
of these appendages, since individual appendages often completely 
degenerate in the metamorphosis of the Cnistacea, and reappear 
again later. 

The most marked parasitic transformations of the female are found in the 
Entoniacidae, which, as has been confirmed by the recent researches of Giard 
and Bonnier (No. 167), are very closely related to the Bopyridae. These 
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parasites are found within the body-cavitj of the host (crabs, Pagnridiu\ but 
must be described as ectoparasites, as they are enclosed in a chitinoiis aac 
derived from an invagination of the outer surface of the body (wall of the 
branchial cavity) of the host. The body of the female (Fig. 148 ^) is very 
peculiar in shape and dorsally curved ; it has a rounded cephalic region {aj' 
with piercing mouth-parts and vestigies of antennae {ae^ ai), an unsegmente<1 
thorax {ih) which carries the ventral brood-cavity formed by the lamellae of 
the limbs (Fig. 148 A)^ and a segmented abdomen {ah) Tiith sabre-shaped or 
lamellate plcopoda {en^. The small males (Fig. 147 A) become attached to the 





^ '^-^^J'^ 




Fig. 148.— Adult female of an Entoniscid (Portunion maenadis), after Giard and Bokwir, 
flrom Lano's Text-h<x>k). A, with the brood-cavity partly opened in the ventral median line 
and the brood-lamellae 8ei)arated. The abdomen (ab) is so placed that the ventral side is 
seen. B, brood-cavity not opened, showing the dorsal surface of the abdomen (ab) Ir, th« 
anterior, middle, and posterior lobes of the first brood-lamella on the right side ; /^ Ute 
same of the first brood-lamella on the left ; //r, IlL^ second brood lamellae (right and left); 
Illr, nil, third brood-lamellae (right and left) ; IV, fourth brood-lamelU ; Tr, VI, fiftb 
brood -lamellae (right and left) ; aJb, abdomen ; ae, onter, at, inner antennae ; ex„ exopodit^ 
of the second pleopod ; en^, endopodite of the third pleopod ; co, cephalic region (tiKalled 
cephalogaster) ; h, cardial prominence ; m/, maxillipede ; pi, pleural lamella of the first 
aUlominal segment; ov, ovary; th, thorax. 

females and resemble in appearance the Bopyrid males, being, however, distin- 
guished from these by the absence of the last pair of thoracic limbs (which 
have degenerated) and of the second antennae. The young larvae (Fig. 147 B) 
very closely resemble those of the BopyricUie, and always possess paired eye^ 
(aw), and sometimes also a Nauplius eye {Grapsion). They are distinguished 
from the Bopyrid larvae chiefly by the shape of the penultimate thoracic limbs 
{tj)y which varies in difl'erent genera, and also differs from that of the other 
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thoracic limbs. The lost pair is, as in all Isopoda, wanting. In a later stage 
{Cryptoniscus stage) this missing pair of limbs develops. The larraeof this 
stage become sexually mature as complemental males, protandrous hermaphro- 
ditism occurring here as in all other Isopoda (Bullar, P. Mayer). At a later 
stage they change into females or into the final degenerated male forms (Giard 
and Bonnier, No. 167). 

15. Amphipoda. 

The embryos of the Amphipoda, which, as has been previously 
mentioned (p. 148), are distinguished from those of the Isopoda 
by the ventral curvature of the body within the egg, already have 
the full number of segments and limbs of the adult. Even the 
fusions which take place between special segments in some forms 
are already present in the embryo (F. MOllbr, No. 16). Metamor- 
phosis is consequently reduced to small alterations of shape, increase 
in number of the joints and olfactory filaments of the antennae, and 
additions of setae and teeth. 

A somewhat more pronounced metamorphosis is found in the Hyperidea. 
In the newly hatched young of Hyperia^ F. MOller found no rudiments of 
pleopoda, whereas Claus, in a Hyperia parasitic on a Discomedusa, found, at 
a similar stage, the pleopoda and uropoda already developed. As a rule, the 
young of the Hyperidea, as compared with the adults, in which the eyes are 
often excessively developed, are remarkable for the smallness of the eyes, and 
consequently of the head. They are often further distinguished by the shape 
of the limbs. The young of Phrofiiima, for example, have no powerful pincers 
on the antepenultimate pair of limbs (Paoenstecher). Spence Bate (No. 2) 
and more recently Glaus (Xo. 177) have published accounts of remarkable 
flifferences between the young and the adults, some of which can be referred 
to the general manner of life. The larvae of Rhdbdosoma thus appear remark- 
ably compact ; those of EtUyphis, on the contrary, are long. The RhaMosoma 
larva recalls in its structure the genus Vibilia, The abdominal limbs first 
appear in the form of small nidiments. The EiUyphis larvae resemble in 
appearance the Oammaridae, so that the derivation of the Hyperidea from the 
Crevettina seems supported by the young stages (Glaus, No. 177). 

16. General Considerations Begarding the Development 
of the Crustacea. 
The study of the metamorphosis of a group so varied and so ricli 
in forms as the Crustacea is one of the most attractive and interesting 
pursuits for the morphologist. Great importance has repeatedly been 
attached to individual larval stages from a phylogenetic point of view. 
Although, in recent times, the Nauplius and Zoaea have been 
robbed of their glory as racial forms of the Crustacea, the study of 
Crustacean metamorphosis docs not lose all phylogenetic significance, 
inasmuch as very distinct indications as to the relationships of the 
different groups are afforded by the manner of their development. 



Digiti 



zed by Google 



310 CRUSTACEA. 

Great interest also attaches to the consideration of the causes which 
have brought about secondary modifications in the metamorphosis 
of the Crustacea. 

The view that the Nauplius stage corresponds to the racial form of 
the Crustacea is associated above all with the name of Fr. MCller 
(No. 16), and received considerable support from his discovery that 
even among the Malacostraca there is a form (Penaeus) whose meta- 
morphosis begins with a free-swimming Nauplius, After Habckel, 
in his Generelle Morphologie^ had eulopted this view, it received 
the support of the most prominent investigators of the Crustacea 
(DoHRN, Claus). For a long time it remained the prevailing view. 
As to the way in which the Nauplitis was to be deduced from lower 
forms of Invertebrata, only careful conjectures were hazarded. 
Worms devoid of segmentation, or with only a few segments, had 
to be investigated, and from this point of view the Rotatoria or 
simply-shaped Annelid larvae naturally came first under consideration. 

In the same way as the Nauplitis was said to be the racial fonn 
of all Crustacea, the Zoaea was regarded as the racial form of the 
higher Crustacea or Malacostraca. This view was due chiefly to 
the state of knowledge at that time concerning the structure of the 
Brachyuran Zoaea, Starting from the view that the segments of 
the central part of the body (the five posterior thoracic segments) 
are only rudimentary in the Zoaea, or, as was repeatedly asserted, 
are not present, F. MOller (No. 16) put forth the view that the 
Malacostraca were separated from the Entomostraca by the entirely 
diflferent order of formation of the segments. He distinguished in 
the body of the Malacostraca four regions, each said to coasist of 
five segments : the primitive body, the anterior body, the middle and 
the posterior body. The primitive body is a direct derivative of the 
Nauplius body, and yields the three anterior segments (those of 
the first and second antennae and mandibles) and the two posterior 
segments (those of the uropoda and of the telson). Later on the 
more newly-acquired regions of the body appear intercalated between 
the anterior and posterior portions of the primitive body, the 
segments of the anterior body (maxillae and maxillipedes) being 
formed first, next those of the posterior body (five anterior abdominal 
segments), and finally those of the middle body (segments of the five 
ambulatory limbs). This view was opposed as early as 1871 by 
Claus from the study of the ontogeny of the Stomatopoda, in 
which, as in the Phyllopoda, the different segments appear 
successively in regular order from before backward. 
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The idea that the Zoaea had significance as a hypothetical racial 
form was widened and modified by Dohrn (No. 9). Relying on 
certain features found among the Entomostraca, which were inter- 
preted as Zoaean characteristics, and supported above all by the 
consideration of the Nauplius of Le^as^ which was taken for 
the Archizoaea because of its spinous structures, Dohrn thought 
himself justified in claiming the Zoaea as the racial form of all 
the Crustacea, which, proceeding from the Nauplius^ had brought 
about the transition to a Phyllopod-like ancestral form of the 
Crustacea. Dohrn was the principal founder of the view that 
the most primitive Crustacean forms are retained in the central 
groups of the Phyllopoda, and that all other Crustacean groups 
can be derived from the Phyllopoda, a view which still prevails and 
which we ourselves accept, although, with Claus, we do not regard 
the hypothetical racial form as possessing exclusively the characters 
of the living Phyllopoda, but would construct a hypothetical racial 
group of primitive Phyllopods, in many respects, especially in the 
structure of the mouth-parts, more primitively constituted than 
the existing forms. 

Dohrn 's assertion of the importance of the Phyllopoda as the 
central group from which all Crustacea can be derived was, in any 
case, a distinct advance, in so far as it removed the contrast made 
by F. MCllkr between the Malacostraca and the Entomostraca by 
providing a possible common derivation for all classes of Crustacea. 
Indeed, Dohrn's view smoothed the way for further advance, since 
it led easily, by logical sequence, to the direct deduction of the 
Phyllopoda from ancestral forms resembling the Annelida. 

Such a derivation of the Crustacea was, however, only very 
gradually accepted. The Nauplius at first remained unshaken in 
its position as racial form of all Crustacea, but the supposed phylo- 
genetic significance of the Zoaea fell into the background. To Claus 
(No. 8) is due the credit of having, in consequence of his compre- 
hensive investigations, recognised and established the nature of the 
Zoaea as a secondarily modified larval form. The ontogeny of 
the Stomatopoda and, above all, the metamorphosis of PenaeuSy 
most distinctly show that there is no essential difierence between 
the larval development of the Malacostraca and that of the Ento- 
mostraca, with regard to the order in which the new segments 
appear, that order, in both cases, being from before backwards. 
One of the most important peculiarities of the Zoaeae of the higher 
Macrura and Brachyura, viz., the retarded development of the 
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segments in the middle region of the body, was thus recognised as 
being only a secondarily acquired character. But even for these 
last forms it has been distinctly shown by the more recent researches 
of Glaus (No. 6), that these segments are not, as was formerly 
assumed, altogether wanting, but that they £\re present, although 
in a form difficult to recognise externally, and in a very compressed 
condition. Thus Glaus has observed that, in the Zoaea stage, all 
the pairs of ganglia of the apparently undeveloped segments in the 
middle of the body were already present as the closely crowdetl 
thoracic ganglionic mass, already perforated by the sternal artery, 
a relationship which foreshadows the adult condition, as does the 
whole of the vascular system of the Zoaea, 

Balfour, however,* believed that certaiu phenomena of Malacosti*acan onto- 
geny, especially the disappearance and reappearance of some of the appendages 
(the mandibular palp, the last two pairs of thoracic limbs in the Mattigopiis 
stage of the Sergestidae^ the three posterior pairs of maxillipedes in the 
Stomatopoda), could only be explained with the help of a racial form which, 
in many respects (above all, in the rudimentary condition of the middle region 
of the body), showed Zoaean characters. According to this view, there would have 
developed from the primitive Phyllopoda, first iV'c6a/ui-like, so-called pre-zoaeal 
forms, from these Zoaea-MVe fonns, and from the latter the post-zoaeal Mala- 
costraca (Thoracostraca and Arthrostraca). Though it is a remarkable fact that 
in Nebalia the eight thoracic segments are closely crowded together and 
compose a comparatively short portion of the body, and that the limbs of this 
part are Phyllopoda -like in appearance, we are not bound to assume that 
this region underwent still greater reduction in the racial forms which led to 
the primitive Schizopoda (tlie ancestral forms of the other Malacostraca). With 
regard also to the disappearance and reappearance of individual appendages, 
it should be pointed out that this feature remains equally unexplained whetlier 
regarded as an ontogenetic or as a phylogenetic phenomenon. Indeed, many 
reasons may be given why this need not appear so altogether inexplicable, umier 
the assumption that we have here a process of development which is modified 
caenogenetically. LAKot considers the limbs from their first appearance in 
the younger larval stages to be inherited from an ancestral form (Annelida), 
while the temporary disappearance of the same can be explained by the changt^ 
in the condition of life of the pelagic larva. It must also be pointed out that 
these limbs in the adult condition are usually of quite a different shape from 
that in which they first appear in the larva. It is repeatedly found that liml*, 
while changing from one form to another, pass through a temporary intermediate 
stage (striking examples of this are aObrded by the ontogeny of LtuiMt 
according to Brooks). This may represent an abbreviation of development, 
where, instead of a gradual change taking place in a limb, an ontogenetic 
stage has been introduced, in which, after complete loss of the Urval limb, 
the diOerently shaped adult limb simply appeared as a new rudiment. Such 
a change in the process of development would take place especially in those 

• Text-book of Comparative EmJbryology^ Vol. i., p. 508, 2nd. Ed. 

t Text-book of Comparative Anatorny, English Ed., Vol. i , pp. 406-410. 
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cases in which, in consequence of the peculiar conditions of life, the limb in 
question wa.^ of little use to the larva at that stage. Parallel cases of this kind 
of change in the process of development, where there is considerable difference 
of shape between the larva and the adult forms, might be cited from other 
groups of animals. We need here only recall the loss of the larval nervous 
system and of the integument of the Pilidium, and the origin of these organs 
in the Nemertiue from new rudiments. In other points, regarding Balfour's 
view, we can only refer our readers to its refutation by P. Mater (No. 138), 
which is snpiwrted by important arguments (above all, by the reference to the 
systematic position and development of Penaeus), 

We thus, with Glaus, regard the Zoaea as a secondarily modified 
larval form related to peculiar conditions of larval life, which cannot 
he classed with the series of hypothetical ancestors of the Mala- 
costraca. 

In the same way the Nauplivs also must be regarded as a second- 
arily modified Crustacean larval form.* In this case we have to do 
with a shifting back of specific Crustacean characters into earlier 
stages. Hatschek (No. 15) was the first to point out that, in a 
<lerivation of the Crustacea from Phyllopoda-like ancestors, a con- 
nection of the latter with the Annelida yields the most natural 
derivation for the whole group. Hatschek supported this view 
mainly on the agreement found to exist between the body-segmenta- 
tion and the structure of the adult Crustacean and those of the 
Annelida, which had already caused Cuvibr and Vox Baer to 
establish the type of the Articidata (Annelida and Arthropoda). 
Above all, the agreement prevailing in the structure of the central 
nervous system (segmental chain of ventral ganglia) is so great that 
we can only refer it to true homology. If, on the other hand, we 
endeavour to derive the Crustacea through the Nmipliua from an 
unsegmented form of worm, we should be compelled to assume that 
the points of structure in which the Crustacea and the AnneUda 
agree had arisen independently in the two groui)S (convergence), and 
thus rested merely on analogy, an assumption which is hardly 
justified by the facts of comparative anatomy. Besides the agree- 
ment in structure of the central nervous system, the antennal gland 
should also be referred to, the homology of which with the segmental 
organs of the Annelida may be considered as proved. Dohrn 
(Xo. 11) arrived at a similar estimate of the value of the Nauplius, 

If, accordingly, we derive the Crustacea (Phyllopoda) from 
Annehdan ancestors, we must assume for the latter a development 
through a Trochophore stage and through a further Polytrochan 

♦ [See foot-note, p. 319.] 
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larval stage consisting of few segments. In the accurate repro- 
duction of the ancestral characters, we should expect the Crustacea 
also to develop through such larval stages; instead of which we 
find the Nauplius stage as the typical starting point of Crustacean 
metamorphosis. The larvae of the Crustacea are thus secondarily 
modified by the premature development of Crustacean characters. 
Hatschbk was inclined, in accordance with the then prevailing 
conception of the NaupUus, to compare it, as an unsegmented form, 
with the Annelidan Trochophore. More recent observations have 
shown, however, that the Nauplitts possesses several tnie body- 
segments. This is especially supported by the fact, proved by 
Claus and Don it n, that the second pair of limbs of the NaupUva 
is innervated by a post-oral ganglion. The Navplius consequently 
has to be considered as an already segmented larval form, and 
comparable at least with an already nietamerically segmented young 
Annelidan larva (Glaus, No. 7). Opinions as to how many trunk- 
segments can be attributed to the Nauplivs will vary according 
to the view taken as to the segmentation of the cephalic section 
in the Crustacea. It appears to us best to agree with the facts of 
ontogeny and with the anatomy of the Crustacean brain to claim 
a true trunk-segment for each pair of the Nauplius limbs, and 
to assume, in addition, a primary cephalic section lying in front of 
these, and a posterior terminal region (anal segment) closely united 
with the budding zone (for the formation of new segments), this 
latter region giving rise to the telson (r/. on the primary segmentation 
of the head in the Crustacea, p. 164, and on the Nauplius stage, 
p. 191). 

The transition from the Annelida to the ancestral forms of the Crustacea 
{Protostraca, Claus) was connected with certain modifications of structure 
and of method of locomotion. Even in pelagic Annelida (e.^., Tomopteris)^ 
locomotion is effected by lateral serpentine movements of the body. The 
mobility of the segments infei' se here comes to the fore, the parapodia having 
only a sligbter degree of independent mobility. The greater cnticularisatioii 
of the surface of the body in the ancestors of the Crustacea, led to the 
limitation of the mobility of the metameres inter se. The trunk became firm 
and more rigid, while the limbs became articulated with the trunk and capable 
of independent movement. It is certain that a more perfect form of moyement 
with less expenditure of force was thus attained. The transformation of the 
Annelidan parapodia into independently movable oars indicates the reason for 
the modifications in shape undergone by these appendages, which finally led to 
the development of the biramose Crustacean limb. In view of the fact that many 
of the parapodia of pelagic Annelida actually assume a lamellate form, we may 
suppose that the hypothetical ancestor of the Crustacea had similarly shaped 
limbs. We shall therefore be inclined to accept the view that the lamellate and 
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as yet nnlengthened form of Phyllopodan limb, which recurs in Nebalia and in 
the maxillae of the Copepoda and Malacostraca, approaches the primitive type, 
and that the elongate forms of limb have been secondarily developed from this. 
We shall then be able to derive the biramose character of the Crustacean limb 
direct from the correspondingly shaped Annelidan parapodium, and should 
perhaps be justified in deriving the epipodial appendages of the Crustacean 
limb from the doi-sal gills of the Annelidan parapodia. On the other hand, 
the greater mobility of the segmental appendages led to the development of a 
new function, viz., the interaction of the two limbs of one and the same pair, 
this again leading to the development of corresponding lobate structures 
(endites, masticatory processes) on the mesial sides of the limbs. Such 
processes occur on all the trunk-limbs of the Branchiopoda, and are there 
u^ied for the purpose of passing on particles of food. In most Crustacea, on 
tbe contrary, the accessory structures are limited to the limbs surrounding the 
mouth. It is a fact worthy of special attention that the second antenna in 
the Nauplius stage also participates in the work of mastication by means of the 
masticatory process on its basal joint, and attains its pre-oral position only at a 
later stage, when it loses its masticatory function. 

If we imagine a Protostracan serving as a racial form of the 
Crustacea produced out of an Annelidan type by the modification 
above described in the method of locomotion, and the changes in 
the limbs (with which is connected a modification in the condition 
of the body-cavity), it becomes evident that we cannot attribute to 
it all those characters by which the group of the Crustacea is distin- 
guished. The union of the five anterior limb-bearing segments to 
form a common region of the body (head), the transformation of 
the two anterior pairs of limbs into typical Crustacean antennae, 
the development through the Nauplius — these are characters which 
occur in all Crustacea, and which we shall also attribute to the 
primitive Phylhpod, but which need not necessarily be claimed for 
the Protostracan form. We may, on the contrary, claim a great 
latitude of variation for this latter. We shall have to assume that 
the hypothetical Protostracan group comprised forms of life far 
removed from the typical Crustacean structure. As such stocks 
produced independently from the Protostracan group, we may point 
to the Palaeostraca (Trilobita, Gigantostraca, Xiphosura), as also to 
the Pantopoda, of which we shall treat later. 

It should here be pointed out that Peripatus also, in a few respects, 
shows wonderful agreement with the Crustacea. The researches 
of Sedgwick have revealed a great similarity in the structure of 
the nephridia in the two groups. The relation of the maxillary 
ganglion to the brain in Peripatus recalls the corresponding relation 
of the antennal ganglion in the Crustacea. It has further become 
j)robable that a structure in Peripaius, until recently little observed, 
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is the homologue of the Crustacean frontal organ. In consequence 
of these points of agreement, we may conjecture that the ancestral 
forms of the Arthropodan series leading to the Myriopoda and the 
Insecta also sprung from the Protostracan group. 

If we try to give a sketch of those ancestral forms which led on 
from the more generally circumscribed Protostraca to the actual 
Crustacea, and which we are accustomed to call the primitive 
Phyllopoda, we shall have to presuppose in them a more homono- 
raously segmented body, and a slighter differentiation of the various 
sections of the body, than are found in the Crustacea of to-day. Each 
of the similar trunk-segments which together constituted the greater 
part of the body had a pair of ventral ganglia, a pair of biramose, 
lamellate, Phyllopod-like limbs, and perhaps also (like Peripaius) 
a pair of nephridia. Then, as we have to regard the antennal glands 
and the shell-glands as well as the genital ducts as transformed 
nephridia, the very varying position of these latter ducts in the 
different groups of Crustacea seems to indicate that we must 
attribute to the ancestral form of the Crustacea a large number 
of pairs of nephridia. We may perhaps assume for the limbless 
posterior region of the body (terminal or anal segment) paired 
furcal processes as inherited from the common ancestral form of 
the Crustacea. The most typical Crustacean characters had, how- 
ever, evidently already found expression in the primitive Phyllopoda 
in the structure of the anterior region of the body. We find here 
the fusion of the five anterior, limb-bearing segments (to which, 
as a sixth, should apparently be added an anterior primary cephalic 
segment with the eyes and the frontal organ) to form a common 
region of the body, the dorsal integument of which, enlarged by 
folding, formed the protective dorsal shield. Among the five pairs 
of limbs belonging to this region, the antennules, which were in all 
cases originally uniramose, assumed an exceptional position as bearers 
of the more important sensory organs. The second antennae, which 
followed them, were biramose and functioned chiefly as oars, perhaps 
also participating in the work of mastication. For this latter 
purpose, the mandibles lying behind the upper lip were specially 
suited through the modification of the basal joint, while the other 
part of the limb was retained in the Copepoda as a two-jointed 
palp. Next came two pairs of maxillae approaching in structure 
the subsequent trunk-limbs, and perhaps still retaining their original 
characters in the existing Crustacea. The presence behind the 
mandibles of a paired lower lip (paragnatha) in various groups of 
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Crustacea enables us to ascribe sucb a structure to the common 
racial form. The anterior cephalic region comprised the frontal 
organ (primary cephalic tentacle of the Annelida?), the unpaired 
(so-called Nauplius) eye, and the paired compound eyes, which we 
must evidently assume to be inherited from the common racial 
form. This development of the cephalic region and its limbs 
gave those characters by which the Crustacea proper (primitive 
Phyllopoda) were distinguished from the Palaeostraca and the other 
Arthropodan stocks. In the primitive Phyllopoda the sexes were 
probably separate ; they possessed a long dorsal blood-vessel with 
segmental pairs of ostia, and perhaps also a pair of hepatic out- 
growths in each segment. The presence of this last character is 
supported by the organisation of the Stomatopoda {rf. on the 
common racial form of the Crustacea, Lang's Text-book of Com- 
parative Anatomtj, Vol. i., p. 406). 

In conclusion we must briefly refer to the interrelationsliips of tlie different 
grou\)s of Cnistacea. Among the Entomostraca the Branchiopoda, among the 
Malacostraca Nebalia, and in many points of inner organisation the Stomatopoda, 
stand nearest to the primitive Phyllopoda. Among the Entomostraca, the 
Copepoda were probably the firat to branch off independently ; these while 
undergoing, in adaptation to pelagic life, a certain degeneration (that of the 
dorsal shield, the heart, and the respiratory organs, and the loss of the paired 
eyes), in other respects, especially in the structure of the mouth-parts, retained 
a very primitive condition. The other Entomostraca (Phyllopoda, Ostracoda, 
and Cirripedia) seem to stand somewhat nearer one another. Among the 
Phyllopoda, the small Cladocera, consisting of few segments are evidently a 
degenerate form of the Estheridae. For the Ostracoda we shall have to take as 
a starting point a very primitive Phyllopod completely enclosed in a bivalve 
shell, a form which thus must have resembled in appearance the Estheridae. 
In the most primitive form among the Ostracoda, Cyjyridina^ the structure 
of the limbs clearly indicates a relationship with the Phyllopoda. Since wc 
were obliged to presuppose for the primitive Phyllopoda a body of many 
segments, we shall have to assume for the Ostracoda a secondary diminution 
in number of the segments. The Cirripedia also must be deduced from a racial 
form similar to that of the Osti-acoda, starting from the free-swimming Cypris- 
Uke larva. According to Glaus, a nearer relationship to the Copepoda must 
often be assumed. This latter assumption rests upon the similarity of the 
thoracic limbs, and the similar number of segments in the thorax of the two 
groups. These features may, however, have been acquired independently in the 
two groups, since they actually recur in other Crustacea (the Cladocera, for 
example, having six thoracic segments), we cannot therefore consider the 
question as decided. For instance, we do not forget that the typical Copepodan 
characters (degeneration of the lateral eyes and of the dorsal shield, breaking 
Qp of the second maxillae into two pairs of maxillipedes) are not found in the 
Oypris larva of the Cirripedes. In judging of the systematic position of these 
latter, we shall have to lay sj>ecial stress on the presence of a large bivalve 
shell from which the mantle of the adult develops. It therefore appears to 
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IIS that there is only a distant relationship between this group and the Cope- 
poda, and, taking into account the Cypris larva, vre are justified in assaming 
a derivation from a primitive Phyllopod with a bivalve shell. In these points 
we agree with the view of Balfour (Text-book of Comparative Embryology, 
Vol. I., p. 509) and Fowler (No. 43). 

Among the Malacostraca, the Leptostraca which, besides the now living genus 
NehaXia and its relations, probably comprises a series of fossil forms such as 
Ceraiocaris, Dictyocaris, and Hymenocaris, occupy the most primitive position 
and show morphological characters which connect this group directly with the 
Phyllopoda. Kcbalia, for the accurate knowledge of whose structure and 
the definition of whose systematic position we are indebted to Glaus, shows 
decidedly the Malacostracan type in the division of the body into regions, 
in the stnicture and number of the limbs, and in many points of internal 
anatomy (presence of a masticatory stomach as part of the stomodaeum, number 
and distribution of the hepatic tubes), so that there can be no doubt about 
its connection with the Malacostraca. Even the eight similarly shaped pairs of 
thoracic appendages, resembling the Phyllopodan limbs, are related to those of 
the Malacostraca by the number of joints in the endopodites. Contrasted with 
this, the presence at the posterior end of the abdomen of a supernumerary limb- 
less segment is of smaller importance. Among the features which connect the 
Nebalidac with the Phyllopoda and thus constitute them dii-ect descendants 
of the hypothetical group of primitive Phyllopoda must be enumerated: the 
presence of a long heart with a large number of venous ostia (four lai^ and 
three small imirs), the very primitive structure of the ventral chain of ganglia, 
the maxillary ganglion having, as in Bratvchipiis, remained separate, the fiat, 
lamellate form of the eight pairs of thoracic limbs which recalls the Phyllopoda, 
and in which the scjmration of maxillipedes from the ambulatory or from the 
swinin)ing limbs has not yet taken place, the presence of a large bivalve shell 
closing by means of a special adductor muscle, and finally the possession of 
two long, independently movable furcal processes strongly resembling those 
of Branchipiis. 

Among the other Malacostraca, the Stomatopoda occupy an unusually isolated 
position. We evidently have here to do with a stock which separated verV 
early from the primitive Malacostraca. While the form of the heart, and 
perhaps also the arrangement of the hepatic tubes, indicate a primitive 
condition, there is a development in many other directions of new and 
evidently independently acquired charactera. 

The priuciiNil stock of the Malacostraca, on the other hand, is to be derived 
from the Leptostraca through the SchizoiK>da, among which, again, the 
Euphausiidae must be regarded as the most primitive group. Their primitive 
character can chieHy be recognised in tlie shape of the thoracic limbs, which 
are all developed as biramose swimming limbs, and more or less resemble one 
another. The view that the Decapoda are descended from Schizopoda is 
supported chiefly by the presence of a Schizopoda-like stage in the metamor- 
))hosis of many Decapods. Among these the Penaeidea, to which also the 
Astacidea are nearly related, approach the Schizopoda most closely. The other 
Decapoda seem to be derived forms of the ontogenetic series proceeding from the 
Schizopoda. The Brachyura, which are connected with the Macrura through 
many transitionary forms known as Anomura, must be regarded as the most 
highly developed but most si)ecialised group of this series of forms. 
A second series of forms proceeding from the Schizopoda leads through the 
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Mysidas and the Cumacea to the Arthrostraca, iKhich we must regard as derived 
from the Schizopoda hy the degeneration of the doi-sal shield, the stalked eyes, 
and the exopodites of the thoracic limbs. This derivation has recently been 
strongly advocated by Boas (No. 4). It is supported by the structure of the 
Anisopoda, in which rudimentary exopodites are retained on the two anterior 
thoracic limbs, and by the presence of a remnant of the dorsal shield. It 
receives further countenance from Nusbaum's observation in the embryo of 
Ligia (Lit., p. 189, No. 85a) of a biramose rudimeqt in the case of all the 
thoracic limbs. The Anisopoda are nearly related to the Isopoda, among which 
Jsellus especially has retained a primitive condition, while the Amphipoda 
must be regarded as a more specialised group.* 
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CHAPTER XX. 

PALAEOSTRACA. 

Under the name Palaeostraca, Steinmann and Dodbrlein have 
united the groups of the Trilobita, the Gigantostraca, and the 
Xiphosura. There can hardly be any doubt, as Dohrn (No. 11) 
and others have shown, that these three groups are closely connected. 
The Xiphosura (among which the genus Limulus, as sole living 
representative, is of special interest) show, in the shape of the 
cephalo-thorax, especially in Delinurus^ a striking resemblance to 
the Trilobites, which are also recalled in the ontogenetic stages of 
Limulus. On the other hand, the Gigantostraca (EurypferuB, 
Pterygotus), in the division of the body into regions and in the 
structure of the limbs, are closely allied to Limulus. Like the 
latter, they possess an anterior cephalo- thoracic region, with six 
pairs of limbs, some, being chelate, taking part, by means of their 
broadened coxal portions, in the work of mastication. The masti- 
catory region is bounded posteriorly by a lower lip known as the 
metastoma (in Limultut by paired chUaria^ Fig. 158, c/f, p. 345, and 
Fig. 159 B, p. 346). The region which follows the cephalo-thorax, 
the pre -abdomen, consists of six segments, the leaf -like limbs 
of which served for respiration, while there follows posteriorly a 
post-abdomen, consisting of six limbless segments and the telsoD. 
This latter region, in Limulus, is in a reduced condition. If we 
attempt to classify the Palaeostraca under the Crustacea, as has 
repeatedly been done, we shall be compelled to widen our conception 
of the latter group. The Crustacea, as a group, appear to be charac- 
terised by the possession of two pre-oral pairs of antennae, which, 
in the adult, take no part in the work of mastication, and besides 
their locomotory function serve chiefly as sensory organs.* The 

* The Cinistacea are further distinguished from the Palaeostraca by the 

s' Mcturc of the mouth-parts, which are developed typically in the form of 

iibles and maxillae, and in the position of the paired lower lip (parag- 

^. ' whicli ap})eai'8 in various groups behind the mandibles and in front 

/• xillao. In the adult Crustacean, the maxillae can hardly be regarded 

'^ ^y organs. 
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Nauplius stage, further, is typical of their development. The Palaeo- 
straca, on the contrary, seem to lack both these characteristics. We 
shall therefore, perhaps, be more accurate in our determination of 
the systematic position of the Palaeostraca if we consider tbeni, 
not as true Crustacea, but as a distinct group, nearly related 
to the Crustacea, which branched off independently from the 
ancestral form (Protostraca) before the first typical characters (the 
two pairs of antennae and the Nauplius stage) had developed 
(p. 315). A feature which is very common among the Palaeostraca, 
bat does not occur to the same extent among true Crustacea, is the 
frequent fusing of the posterior segments of the body to form a 
distinct region (pygidium). This is evidently an adaptation to the 
habit of rolling up that part of the body. Among the Palaeostraca, 
the lowest grade of development is found in the Trilobites, as is 
evident from the more 
homonomous segmentation ^ 

of the post-cephalic region, 
and, according to Walcott, 
the uniform character of 
the numerous limbs. The 
same author has shown 
(No. 5) that the limbs of 
the Trilobites exhibit in 
their structure remarkable _, ,.« ^. 

Fio. 149. — DtaKranimatic cross-section through a 
agreement with the typical trunk -limb of a Tnlobite (after Walcott. from 

Crustacean limb. The ^^^°'^ Text-hook), en, endopodite; e}> epipodial 

^ appendages; ex, exopodite; d, intestinal canal; 

former are hi ramose (Fig, r, teiigum ; p, pleura. 
149), with a five- or many- 
jointed endopodite (en) ending in a claw, and a two- to three-jointed 
exopodite (ex). On the outer side of the coxal (basal) joint, spiral 
epipodial appendages (ej?), thought to be gills, are attached.* It 
may be pointed out that, in Limidvs also, the biramose character 
of the Crustacean limb finds expression in the presence of an 

♦ [The recent researches, more especially those of Beechek (No. II.), on the 
limbs of Trilobites show that these appendages, with the exception of the highly 
specialised antennae, were but slightly modified in the ditfercnt body-regions. 
Typically each apj)endage was biramous, consisting of a two-jointed protopodite, 
whose coxal joint in the more anterior limbs formed a masticatory blade, a live- 
jointed endopodite, and a strongly setiparous exopodite with an expanded bas' 
joint, and a nmltiarticulate palp. On the pygidium, these appendages were m\ 
lamellate, and closely resemble those of the larval Apti^, being typically ph*^ 
podiform, and it is these limbs that Beecher regards as indicative " 
primitive type of limb-stnicturc. Anteriorly, the eudopodites assum«- 
cylindrical form, — Ed.] 
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appendage which may be regarded as an exopodite, on the sixih 
pair of limbs (Fig. 158, a:, p. 345), as well as in the form of the 
abdominal limbs (a^ a^. 

While the Palaeostraca in one direction join on to the Cnistacea 
and to their hypothetical ancestors, the Protostraca, they are further 
of great interest as probably the original group from which the 
air-breathing Arachnida developed. The view that the Arachnida, 
and above all the Scorpiones, are closely related to Limutus — first 
put forth by Strauss-DOrkheim, and more recently established on 
a firmer basis by Eay Lankbstbr (No. 16) — appears supported by 
60 many points of agreement in the structure and the development 
of the two groups, that we cannot refuse to accept it; it will be 
more fully discussed below. 

Only a few of the ontogenetic stages of the fossil Palaeostraca 
have been preserved through the favourable character of the stone 
enclosing them. The ontogenetic stages of many Trilobites are, 
however, known, and in some cases it has been possible to put 
together complete series, so that we are able to solve many important 
problems in the metamorphosis of the Trilobites. The ontogenetic 
stages of the Gigantostraca, on the contrary, have not as yet been 

observed. 

L Trilobita. 
Notwithstanding the more recent researches of Ford (Nos. 2 and 
3), Walcott (Xo. 6), Matthew (No. 4), the earlier investigations of 
Barrande (No. 1), which are here followed, still provide the founda- 
tion for our knowledge of the metamorphosis of the Trilobites.* 
Barrande distinguished four ontogenetic types which, however, he 
considered as merely provisional. Three of these methods of 
development may be regarded as modifications of one type, while 
the Agnosfus type seems quite distinct from the others. 

1. Type in whicli the adult pygidium develops late. 

A very complete metamorphosis, consisting of many consecutive 

stages, was established by Barrande for Scu) htrsuta (Fig. 150), a 

form belonging to his first ontogenetic type. The youngest known 

stages (A) still differ greatly in appearance from the adult. They 

-e exceedingly small (two-thirds of a millimetre in diameter), 

nded, and disc-shaped, and as yet show no distinct segmentation 

•* body. The latter consists chiefly of the rudiment of the 

^ephalic region, in which the glabella is already marked 

*5 cheeks by dorsal furrows. The posterior border of the 

^ee Beecbse, Append. Lit. Trilobita, No. L— Ed.] 
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glabella is not yet distinct. At its sides, close to the anterior 
margin of the body, two arched indentations can be recognised; 
these, it may bo conjectured, are connected with the rudiments of 
the eyes (a). The rudiment of the cephalic shield forms the chief 
part of the body at this stage. The posterior section is small and 
shows the rudiments of a few indistinct segments. A few tooth-like 
projections of the posterior margin are to be regarded as the pleura 
of these segments. This region contains the rudiment of the whole 
of the future thorax and pygidium. 



JL 



B 








Fio. 150.— Five ontogenetic stages of Sao hirtula (after Barrandr). J, youngest stage. Ji, 
somewhat older stage with more distinct demarcation of the cephalic region. C, stage with 
two tree thoracic segments. D, stage with seven ftee thoracic segments. £, stage with 
twelve tree thoracic segments, a, rudiment of eye ; g, facial suture ; p, transitory pygidium. 

In a later and somewhat larger stage (B) the cephalic region has 
become marked oflf by a distinct boundary from the posterior region. 
In this latter, the rudiments of the "segments have become more 
distinct, and they have increased in number. In the succeeding 
stages (C, D, £) the thorax first makes its appearance as a distinct 
body-region, being formed from the anterior segment-rudiments of 
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the posterior growing mass, the most anterior of these rudiments 
becoming segmented off as the free, movable thoracic somites. 
Fresh thoracic segments are successively set free from the anterior 
end of the posterior mass, which itself continues to grow and form 
new segment-rudiments. This posterior mass of incompletely sepa- 
rated segment-rudiments is nothing more than the budding zone of 
the still undeveloped thoracic segments, and must not be confounded 
with the pygidium of the adult. It was called by Barrande the 
**pygidium transitoire," and is distinguished externally from the 
adult pygidium by the fact that the latter, in Sao and Dalmanitef^ 
has an unbroken margin, while the posterior margin of the transitory 
pygidium shows freely-projecting teeth which are connected with the 




'^ 



Pio. 151.— Five ontogenetic stages of OleneUut anaphoidea (after Ford). A and B, younger 
stages. C and Z>, older stages. Ey adult form, a, cheek-spino ; b, inner spine ; c, optic 
rudiment ; d, swelling within that rudiment; p, transitory pygidium. 

development of the pleura of the free thoracic segments. Only 
after the full number of free thoracic segments (in Sao 17) is 
attained does the adult pygidium develop; this, in Sao, is very short. 
While the full segmentation of the adult is in this way gradually 
attained, the cephalic region, apparently through modifications 
brought about simply by growth, undergoes transformation which 
causes it to approach nearer to the shape of the adult head-shield. 
The limbs, the occipital furrow, and the cheek (genal) spines appear. 
The glabella becomes more distinct, and the transverse furrows appear 
on it, giving a suggestion of segmentation. Finally, the facial suture 
{fj) can be distinctly recognised, and the granulated ornamentation of 
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the surface characteristic of Sao develops. The changes in the 
lK)sition of the optic rudiments (a) in Sao is of great interest in con- 
nection with the position of the lateral eyes of LimtUus. The optic 
rudiments originally lie quite near the anterior margin of the cephalic 
shield on each side of the glahella, and at this stage the transverse 
diameter of the eye is its greatest diameter. Their position in these 
early stages somewhat recalls the position retained throughout life by 
the eyes of Cromus inter codatus. Only in the later ontogenetic 
stages of Sao do the eyes shift laterally and posteriorly away from 
the glabella, in such a way that their greatest diameter runs parallel 
with the longitudinal axis of the body. 

The development of Dalmaniies socialis follows a precisely similar coarse. 
That of Ptyehoparia Linnarssoni also, which was made known by Matthew 
(No. 4), does not differ essentially from that of Sao, A remarkable feature of 
the first stages of Ptyehoparia is the approximation of the two dorsal furrows, 
causing the narrowing of the glabella which is not yet sharply defined. In 
the glabella itself, it is evident that the posterior segments, separated by trans- 
verse furrows, are at first shorter and more crowded than the long anterior 
segments, a contrast which disappear as the cephalic region develops further. 
Here also the position of the optic rudiments changes, in the way des^cribed above 
in connection with Sa^ and Dalmanites, 

Special interest attaches to the statements of Ford (Nos. 2 and 3) concerning 
the ontogenetic stages of the American form Olenellus asaphoides. The youngest 
stages are here, as in Sao, disc-shaped (Fig. 151 A). The rudiment of the 
glabella, consisting of five consecutive segments, can be recognised, and behind 
this a small, still unsegmented region {p\ in which lie the rudiments of the 
whole thorax and pygidium. In the next stage {B), this region shows the first 
traces of segmentation. On each side of the glabella lie the two S-shaped 
swellings {e, d), which are continued posteriorly into spines (a, b) that project 
beyond the margin of the body. The outer swelling (c) represents the rudiment 
of the eye, while the inner (d) takes part in the formation of the "fixed check." 
Of the two pairs of spines which run backwards, the outer (a) probably persists 
as the "cheek spines." The inner spines (b) are still recognisable in later 
stages, but then disappear, and in the adult {E) are represented merely by a 
ridge which runs diagonally from the eyes to the j>osterior margin of the cephalic 
shield. During development, a considerable portion of the posterior margin 
of the cephalic shield becomes intercalated between the two pairs of spines. 
The inner spine is of interest on account of its position. We are perhaps 
justified, as will be shown when we come to describe the development of the 
oephalic shield in Limulus (p. 352), in distinguishing three regions in the 
cephalic shield of the Trilobites (as also in that of Limulua), the boundaries 
of these regions being indicated by the facial suture. We should then have 
to regard only the " fixed cheeks " as the pleui*ae of the posterior segments of 
the glabella, while the "movable" or "free" cheeks, together with the eyes, 
belonged originally to the most anterior cephalic segment, these latter having 
shifted by lateral and backward growth round the posterior cephalic segments 
until they assumed the position in which we now see them. The position of 
the eyes of Limulus in a posterior, so-called thoracic segment would thus be 

Z 
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explained. When we consider the ontogenetic stages of Olenellm (Fig. 151 C 
and D)t we see that the pleurae of the free thoracic segments do not at first 
extend laterally beyond the middle of the cephalic region, as above described. 
We are therefore led to ask whether the inner spine (6), alluded to above, is 
not to be referred to the category of pleurae of one of those posterior segments 
(i.0., trunk-segments) which have fused secondarily with the glabella. 

The later ontogenetic stages of Oletullus asaphmdes are marked by the fart 
that the pleurae of the third free thoracic segment appear greatly lengthened 
posteriorly (Fig. 151 C and jD), a feature wanting in the adult, but recurring in 
the anterior segments of a few species of Fantdoxides. Since the young stages 
of Olerullus further agree with these species of Paradoxides in the notching 
of the posterior margin of the cephalic shield, the metamorphosis of the former 
seems to suggest certain stages in the phylogeny of the latter genus. 

The third ontogenetic type of 
Barrande contains those fonns 
whose stages of development ex- 
hibit the same characters as the 
later stages of Sao htrsuia. The 
cephalic region usually already 
shows the adult form ; the number 
of the thoracic segments is, how- 
ever, incomplete, while the posterior 
region of the body, functioning as 
transitory pygidium, has still to 
yield, by segmentation of its anterior 
portion, the free thoracic segments, 
which are at present wanting. 
Further development takes place 
as in the first type. We must 
assume that Bakrande's third type 
contains forms whose youngest 
stages are not known, or those 
whose metamorphosis is actually 
abbreviated in such a way that they 
leave the egg at a later ontogenetic 
stage. Barrande classes under 
this type the following genera:— 
Arethusinc^ Gyphaspis^ Proeius, 
ArioneUus, Conocephalites^ Aeglina, 
Hydrocephalus^ llUbenus, AcidagpiSj 
Ampyx, Ogygta, and Triarthrut. 

A still more abbreviated meta- 
morphosis seems to characterise 




Fio. 152.— Three stages in the development 
of Ttxnvjcl€ua omatu* (after Barrandb). 

A, yoangest stage, consisting merely of 
the cephalic shield and the pygidium. 

B, stage witli one trte thoracic seg- 
ment C, stage with four free thoracic 
segments. 
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Barrandb'9 fourth type. The cephalic region and the thorax are 
here already completely developed; the pygidium, on the contrary, 
is somewhat undeveloped, the number of segments composing it 
being still incomplete. We must class under this type Paradoxidea, 
the species of Dalmanites which belong to the Hausmann group, a 
few species of Phacopa, Proeius, Asaphus, etc. 

2. Type with early development of the adult pygiditim. 

This division corresponds to the second of Barrande s ontogenetic 
types, to which belong Agnostvs and Trintuleus, The youngest 
known stages consist merely of the rudiments of the cephalic shield 
and the pygidium. The latter, although still incomplete, has essen- 
tially the characters of the adult. Metamorphosis is thus limited 
to the development of the thoracic region, which takes place in 
such a way that, as in forms already described, successive free 
segments become cut off from the anterior part of the pygidium. 
The other modifications consist in the increase in the number of 
the rudiments of the segments in the pygidium, and in the more 
perfect shaping of the cephalic region. In THnudeuSy for example, 
the characteristic rows of pores of the "limb" of the head-shield 
are developed. 

This form of development, as contrasted vrith the earlier type, must be 
regarde*! as more specialised. In view of the evident importance of the 
presence of the pygidium, 



% 



we cannot greatly wonder 
that the modification of 
the posterior segments 
of the body to fonn this 
structure was sliifted to 
quito an early stage. In 
tlie small number of 
segment - rudiments 
in the fii-st stages, the 
abstriction of the tho- 
racic segments and the 
development of new rudi- 
ments of segments at 
its anterior end, the 
pygidium, in the younger 
stages of this type, closely 
resembles the transitory 
pygidium of the ty]jes 
described above. It is, however, distinguished from these by the fact that, in 
form, it more nearly approaches that of the adult. It is evident that no sharp 
distinction can be made between these two types of development. 
The ontogenetic stages of AgnosLua and of TrinMcUus strikingly recall certain 




Fio. 153 —Four stages in the development of Agnostut ntufuc 
(after BarrandeX A^ youngest stage, consisting of the 
cephalic shield and the pygidium. S, stage with the rudi- 
ments of two thoracic segments. C, stage with two Ailly 
formed thoracic segments. />, adult fonn. 
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early stages in the development of the germ-band in the Scorpiones, as described 
by Metschnikoff and others (Vol. iii.). In the latter also are found at first an 
anterior and a posterior region of the body, a few small free segments, arising 
successively, being cut off from the posterior region and intercalated between 
tlie two regions. Similar stages are found in the Araueae. We must, however, 
I)ear in mind that the free segments of this germ-band are later drawn into 
the head, and are evidently represented in the Trilobites by the s^ments of 
tlie glabella. These cannoti therefore, be homologised with the free thoracic 
segments of the Trilobites. A certain similarity is, however, brought about by 
the presence of a large posterior section from which the trunk-segments arise 
later. 

Barrande pointed out that most species of Trilobites in which metamorphosis 
occurs belong to the older strata of the Bohemian Silurian, while, in the more 
recent strata, young stages of Ti'ilobites are much less frequently found, although, 
in these same strata, the number of species is richer, and the conditions for 
the preservation of these delicate forms are also to some extent favourablp. 
Babrandr therefore seems justified in conjecturing that metamorphosis wm 
l)erhaps replaced by direct development in the later and perhaps more specialised 
Trilobites. 

n. Xiphosura. 

Ldmulus polyj)heniiL8 is the only Xiphosurid whose ontogeny ha.< 
as yet been investigated.* The metamorphosis of L. mollucanus is 
still unknown, but it should be mentioned that Willemoks-Suhm 
(No. 31) believed that a pelagic Crustacean larva obtained off the 
Philippines by the Challenger, which resembled the Cirripede I&ty&q 
(p. 209), could be referred to L, mollucanus. He, however, changed 
his opinion later, and classed the larva among the Cirripedes. 

1. OvipoBition, Cleavage, and Formation of Germ-layers. 

The eggs of L. polyphemus are laid on the seashore in holes du^ 
in the sand half-way between high and low water mark (Kingslet, 
No. 14), or even near the former. L. rotundicauda and L. mollu- 
ccmicSf on the contrary, do not deposit their eggs, but carry them 
about attached to the swimmerets. The eggs, when laid, are enclosed 
in a very thick leathery membrane composed of several layers, which 
has been described as the chorion, and is perhaps not formed in the 
ovary itself (Dohrn, No. 11), but in a special portion of the genital 
ducts. As the embryo increases in size, this membrane bursts, so 
that, in the later stages, the embryo is covered solely by the later 
formed blastodermic cuticle. 

For information as to the first ontogenetic processes in the egg of 
Limtdus we are entirely dependent on the short accounts of Osbobn 

♦ X. Unigispinua has also recently been investigated by Kishinouyb {Zool. 
Anz,y 14, No. 369), but we are not here able to give his statements in detail 
[see App. Lit. on Xiphosura, No. II. See note, p. 343. ] 
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(Xo. 22), Brooks and Bruce (No. 10), and Kingsley (No. 15). 
Judging from these, considerable agreement with the ontogeny of 
the Arachnida, especially the Scorpiones, appears to prevail. In 
tracing the first stages of development we shall chiefly follow the 
more recent observations of Kingsley. 

The first cleavage-nucleus lies, surrounded by formative yolk, 
near the centre of the egg* Repeated division gives rise to a large 
number of cleavage-nuclei which become distributed within the egg 
before cleavage of the egg-contents (formation of definite cell-areas) 
takes place. This distribution is not regular, for the cell-nuclei 
wander to the surface most abundantly at the point where, in 
later stages, the first rudiment of the embryo will appear. Since 
a demarcation of the cleavage-cells takes place first at this point, 
the cleavage is apparently meroblastic (discoidal) in character, 
and thus recalls the processes observed in the Scorpiones (Vol. iii.. 
Figs. 1 and 2). Finally, however, the whole egg breaks up into 
segmentation -spheres which are chiefly composed of food-yolk 
elements; each, however, contains a cleavage-nucleus surrounded 
by protoplasm. 

The wandering to the surface of the cleavage-nuclei mentioned 
above leads, by the demarcation of cells in that region, to the 
formation of the blastoderm. The latter is thus first completely 
formed at the special point referred to, and in these stages presents 
the appearance of an 

accumulation of closely i ^ 

packed cells at this pole, 
while the rest of the 
surface of the egg is ^ ^^^*^^^iS|^^^^c^^^^^^ 

still covered with large j,,^ i54.-Cro88 section though the genn-disc of 

cells filled with food- Limulut showing the fonnation of the germ-layeni 

irnllr Tf Qr^r^anro fKof ^^^^ Kingslky). 6, blastopore (primitive groove); 

yOlK. 11 appears tnai, ^^ yolk-cells ; «, ectoderm : w, mesodorin. 

in later stages also, a 

blastodermic thickening is retained at this spot after the blastoderm- 
formation has advanced over the rest of the surface ; this thickening 
may be compared with the primitive cumulus (CLAPARfeDs) of the 
spider's egg. 

While the formation of the blastoderm is still going on, a cuticular 
secretion takes place at the surface of the l)lastoderm-cells, this 
leading, as in many Crustacea (p. 118), to the development of the 

* [Kingsley surmises this, but was unable to find tlie firat cleavage-nucleus. 
—Ed.] 
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blastodermic cuticle. This cuticle, which attains a considerable 
thickness and, at later stages, when the chorion has been shed, is 
the only covering of the embryo, is marked out into pol3'gonal areas 
which correspond to the limits of the individual blastoderm-cells 
concerned in its secretion. 

Not all the cleavage-cells enter into the formation of the blasto- 
derm. Many remain, filled with food-yolk, near the centre of tbe 
egg. The sum total of these so-called yolk-cells represents the 
entoderm. The blastoderm, on the other hand, contains the elements 
of the future ectoderm and mesoderm.* 

The next processes, which must be described as gaatrulation, and 
which lead to the formation of the germ-band, now start from the 
primitive cumulus. At the middle of this latter there first appears 
a round depression, the blastopore, which soon becomes triangular 
and then lengthens. A primitive groove thus forms (Fig. 155 A). 
Simultaneously, behind the primitive cumulus, a second blastodermic 
thickening arises, connected with the former; this, in superficial 
figures, appears as a white patch. The primitive groove, which 
lengthens posteriorly, soon stretches into this second prominence. 
During this process the proliferation of mesoderm-cells takes place 
from the primitive groove, these cells spreading out below the 
ectoderm (Fig. 154). The groove here yields only mesoderm and 
no entoderm. 

The extension of the mesoderm-elements below the ectoderm, 
which proceeds from the primitive groove, appears in superficial 
figures as a clear area surrounding the latter (Fig. 155 ^4). This 
area soon extends, and the whole of the clear region under which 
the mesoderm lies must be regarded as the commencing embryonic 
rudiment, and may now be called the germ-disc. At its centre, 
the primitive streak can be recognised, although this is much less 
distinct in the stages which now follow than when it first appears. 

* [According to the latest researches of Kingslby (No. I. ), each siirfisM^-ceU 
diviaes tangontiallv into a smaller external and a larger internal cell ; the latter 
cells are rich in yolk and yield the entoderm, while the smaller cells yield the 
mesoderm. In surface view the primitive cumulus appears like a pit, but this 
is merely an optical effect produced by the greatly thickened centre. From this 
point and from the primitive streak which extends backwards from it, we find & 
proliferation of mesoderm-cells. 

KiSHiNOUYE (No. II.) re^rds the ectoderm as having a double origin, that 
of the ventral surface arismg from the blastoderm, while that of the donal 
surface arises from the yolk. The mesoderm, he states, arises in three ways: 
that of the cephalo-thorax from the deeper cells of the blastoderm, and that of 
the abdomen from the primitive streak; a third portion arises from the yolk-oells 
and possibly gives rise to the blood-corpuscles. — £d.] 
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2. Development of the external form of the body. 

The germ-disc, whose form is now that of an elongated oval, and 
the bilateral symmetry of which is marked by the remains of the 
indistinct primitive groove, next becomes divided by a transverse 
furrow into an anterior cephalic area and a posterior post -oral 
thoraco-abdominal region. A second transverse furrow very soon 
occurs behind the first, cutting oflF from the thoraco-abdominal region 
the most anterior thoracic segment. This stage, in which the body 
consists of a rounded cephalic portion, a still unsegmented posterior 
region, and a trunk-segment intercalated between these two, strikingly 
recalls a similar stage observed in Scorpio, The median furrow 
extends anteriorly into the cephalic segment, while posteriorly 
it is lost in the unsegmented region of the body. New thoracic 
segments now successively separate from the posterior region, until 
the number of free thoracic segments amounts to six. A similar 
stage has been observed in the Araneae (Vol. iii.. Fig. 25 A). 




Fio. 155.— Two embryonic stages of Limuliu (after Kingslet). A, stage with primitive 
groore. B, stage with rudiments of limbs. 1-6, the six thoracic limbs; a, anas; ft, 
primitive groove (blastopore) ; do, dorsal organ ; me, germ-disc with sabjaccnt mesodenn- 
layer ; m, mouth ; n, neural groove ; Oi, rudiment of the operculum (first abdominal limb). 

We now distinguish (Figs. 155 B and 162) a semicircular, anterior 
cephalic region, six thoracic segments, and a posterior abdominal 
region, also semicircular in outline. The rudiments of the limbs 
(the chelicerae, 1, and the five following pairs, 2-6) very soon appear 
on the thoracic segments, at first as button-like prominences. The 
smallest of these are the rudiments of the chelicerae, and each 
subsequent pair is larger than the one in front of it. The oral 
and anal apertures (m and a) are marked by ectodermal depressions. 
The first of these lies in the cephalic region, and consequently in 
front of the first pair of limbs (chelicerae), which belong to the 
first thoracic segment (Packard, Kingslet). In later stages, the 
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mouth changes its position, shifting further back, so that it comes 
to lie behind the chelicerae, between the second pair of hmbs 
(Fig. 156). Eetween the oral and anal apertures, which, according 
to KiNGSLEY (No. 14) are peculiarly elongate, runs the neural groove 
(Fig. 155, w), which occupies the place of the primitive groove, that 
has now disappeared. The whole of the long germ-disc is bordere<l 
laterally by a thickened wall (Fig. 156, r), in which we recognise 
the first rudiment of the cephalo-thoracic shield. The first rudi- 
ments of the most anterior pair of limbs of the abdomen (o^, 
operculum) very soon appear. Even at this sUige, on either side 
and beyond the limits of the germ-disc, on the level of the fourth 
thoracic segment, two rounded thickenings (Fig. 155 B, do\ can 
be recognised; these probably correspond to the so-called dorml 
organ (Watase). 

The following stage (Fig. 1 56) shows the thoracic limbs more strongly 
developed and each bent on itself inwards and downwards. There 
are now the rudiments of two pairs of leaf-like abdominal limbs 

(Oj, tto) which are distin- 
guished from the thoracic 
limbs by their form, by 
their position near the 
median line, and by the 
manner of their appearance. 
They become separated 
from the germ-disc by an 
infolding of the body-sur- 
face taking place below and 
behind them (Kinoslky). 
At this stage, Packard 
thought that he could 
recognise an indication of 
the boundaries of the seg- 
ments on the lateral parts 
of the yolk near the 
germ-disc ; this, however, 
KiNGSLBY was unable to 
confirm. 
The embryonic rudiment lies, up to this time, as a gradually 
extending flat disc on the sphere of yolk. The latter now begins 
to change into the dorsal half of the embryo by the absorption of 
the nutritive material (Fig. 157). The abdominal region (ab) is 




Fio. 156.— Embryo of Limulus (after Dohrm). 1-6, 
the six pairs of thoracic limbs ; a,, first abdoniiDal 
limb (operculum) ; a,, second abdominal limb ; ah, 
abdomen flexed rentrally; hg, ventral chain of 
ganglia ; e, blastodermic cuticle ; d, chilaria ; m, 
mouth ; r, margin of the future ccpbalo-thoracic 
shield ; x, exopodite of the sixth thoracic limb. 
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still very short, its posterior end being flexed downwards (Dohrn, 
cf. Fig. 156, ah). The embryo now becomes covered with a delicate 
cuticular integument, which is cast off by ecdysis in the next stage 
and then comes to lie within the space which is enclosed by the 
blastodermic cuticle. 

The next stage (Fig. 158) is characterised by the transverse 
splitting of the chorion, the two halves of which remain for a long 
time attached to the ^%g as a hemispherical shell. The embryo 
moves within the space enclosed by the blastodermic cuticle, which 
is now increased by the sea- water taken into it. The cuticle is thus 
stretched, and the cell-like mosaic on its surface disappears. The 
limbs now gradually develop more in the direction of their final 




Fio. 157. — Embryo of LimvXui (after 
Watasb). 1-6^ the six thoracic limbs ; 
Oj, first abdominal limb (operculum): 
a„ second abdominal limb; <xh^ abdo- 
men ; do, dorsal organ ; au, position of 
the mdimeat of the lateral rye 
(Watase) ; c, blastodermic cuticle ; x, 
ezopodite of the sixth thoracic limb. 



Fio. 158. — LimuZiis embryo, lateral view (after 
KiNGSLEY). IS^ the six thoracic limbs; Oj, 
first abdominal limb (opercalDin) ; Oj, second 
abdominal limb; ah^ abdomen; cA, chilaria ; 
do, dorsal organ; x, exopodite of the sixth 
thoracic limb. 



shape, their segmentation and the rudiments of the pincers becoming 
apparent. The outer appendage of the coxa (x) of the sixth pair of 
limbs, usually regarded as the exopodite, appears. Behind these 
limbs the rudiments of the paired lower lip, known as the chilaria 
(c^, metastoina), become apparent close to the middle line of the 
body ; since this appendage has no ventral ganglion of its own, and 
does not correspond to any mesoderm-segment (Kingsley, No. 14), 
it should not be regarded as a limb.* An indication of segmentation 
now appears in the abdominal region (Figs. 157, 158, ab). 

* [According to Eishinoute, this pair of appendages has a ventral gandion of 
its own, and is therefore to be considered as a pair of limbs. Einosley (No. III.) 
believes that Eishinouye mistook the operculum for the metastoma. — Ed.] 
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With the gradual diminution of the food-yolk and the develop- 
ment of the dorsal region, the adult form becomes evident in the 
embryo at the next stage. The anterior region of the body, which 
consists of the cephalic segment and the six thoracic segments added 
to it, has now the form of a shield, although its dorsal side is still 
swollen and hemispherical. The dorsal side of this region of 
the body now exhibits a segmentation corresponding to the six 
thoracic segments; this is brought about by the re-distribution of 
the food-yolk (rudiment of the enteron) and by the formation of the 
mesodermal septa which grow inwards. On each side of the boily, 
six outgrowths of the yolk-laden entoderm (hepatic rudiments), 
separated by mesodermal septa, can be recognised, the distal end 
of the lobes being again secondarily branched (Fig. 158). The 




Fio. 159.— Two stages in the development of Limidus (after KiNasLET, from Lang's Text-book). 
A, young embryo, Jast hatched in the Trilobite stage, seen from the dorsal side. B, embr/o 
a short time before hatctaiog, seen flrom the ventral side. 

anterior lobes now no longer lie transversely, but radially. The 
rudiments of the eyes have also become distinct. Those of 
the middle eyes are originally situated ventrally (Packard, No. 23), 
but soon shift over the anterior margin of the cephalo-thorax on to 
its dorsal surface. The rudiments of the lateral eyes correspond 
in position (Watasb) to the fourth hepatic lobe, and lie on the 
inner side of the dorsal organ described by this author (Fig. 157). 
The abdominal region now shows distinct segmentation, which, 
however, according to Kingslby, only affects the internal organs, 
while the ectoderm appears untouched by it (?). Nine abdominal 
segments in all can be distinguished (Fig. 160), the last representing 
the rudiment of the caudal spine, which is surrounded laterally by 
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the incurved segments in front of it (Fig. 159 A). At the base of 
this segment lies the anal aperture. The limbs now grow more and 
more like those of the adult, but the teeth are still wanting on the 
coxal joints, which are modified into masticatory ridges. The two 
anterior pairs of abdominal appendages, behind which a third pair 
has become recognisable, have attained the typical biramose form by 
the development of a small inner lobe (endopodite — Fig. 158, o^, ag, 
Fig. 159 B). 

The stage at which the embryo emerges from the blastodermic 
cuticle is known as the Trilobite stage (Figs. 158 A, 159). The 
cephalo-thoracic shield is now flatter and wider, and has lost all traces 
of segmentation. It is distinctly divided by two longitudinal 
furrows into a central region with a well-marked keel and two 
lateral regions. The large eyes are situated in the furrows separa- 
ting the median from the lateral lobes, and a semicircular ridge 
connects the median with the 

lateral eyes. The abdominal . i 

region still appears divided up 
into segments. Six movable 
thorns can be recognised on 
its lateral margins (Fig. 160) 
from the second segment to 
the seventh. The rudiment 
of a fourth pair of abdominal 
limbs now appears. The first 
pair is changed into the oper- 
culum and a fusion of the 
inner margins of the two exo- 
podites takes place, accom- 
panied by a degeneration of 
the endopodite. In the second 
and following abdominal limbs 
the rudiments of the branchial 
lamellae now appear, only four 
being at first apparent on each limb. Their number is increased later 
by the budding of new lamellae at the bases of the limbs. The 
endopodites of these limbs become divided up into three segments. 

The young which hatch at the Trilobite stage are endowed with 
great activity, and already burrow in the sand like the adults. By 
means of their abdominal limbs they can swim about freely, and are 
consequently occasionally taken in tow-nets, A. Agassiz having found 




Fio. 160.— Larra of Limulus, at the Trilobite 
stage (after Watase). Ho, dorsal organ; ^ 
hepatic diverticula ; la, lateral eye ; maf median 
eyes ; s, rudiment of the caudal spine. 
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a specimen three miles from the coast. After the first moult, they 
pass into a stage which is distinguished from the precediDg by the 
richer ramification of the hepatic tubes, by the closer fusion of the 
abdominal segments, and by the lengthening of the caudal spine. 
This stage (Fig. 161) is worthy of notice on account of its 
resemblance to the Hemiaspid genus Presttcicliia, The later stages 
already show the characters of the adult in all respects except sexual 
differentiation. The latter seems to develop very late (according to 
LocKWOOD, in the third or fourth year). Until this occurs, the males 
resemble the females, they then develop strong terminal claws on the 
second pair of limbs instead of pincers. 



3. Formation of the Organs. 
A. Nenrons System and Beniory Organs. 

The ventral chain of ganglia develops in the form of two 

ectodermal thicken- 
ings (Fig. 156, bg) 
on either side of 
the median line, 
which enclose be- 
tween them a thin- 
ner portion of the 
ectoderm. In a 
superficial view, the 
latter appears as a 
neural groove, al- 
though it is not 
actually sunk below 
the surface. Tlie 
lateral halves of the 
ventral ganglionic 
chain become the 
future longitudinal 
commissures, which 
thicken segmentally 
to form the ganglia, 
and become de- 
^* tached from the 
ectoderm from he- 
fore backward. The transverse commissures seem to arise by tlie 
invagination of the enclosed median ectodermal area (neural groove), 




Pio. 161.— Older Itrval stage of Limuliu (after Watasr). 
hepatic diverticula; 2a, lateral eye; ma, median eyes. 
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KiNGSLBY. The ventral chain of ganglia thus develops essentially in 
the manner described above as typical for the Crustacea (p. 160), and 
apparently for all Arthropoda. There are, in all, eight distinct pairs 
of ventral ganglia in the embryo, the six anterior pairs occurring on 
the six thoracic segments. As the oral aperture shifts back, the 
anterior pair of post-oral ganglia, those belonging to the chelicerae, 
moves gradually forward, so that finally these ganglia become incor- 
porated with the oesophageal commissures proper, the nerves which 
run to them originating close to the edge of the brain. The thoracic 
portion of the ventral chain of ganglia is at first elongated. 
Only in later stages does it become concentrated anteriorly, tlie 
circular form characteristic of the adult arising at the same time 
by the shifting apart of its two halves. Nothing is as yet 
accurately known as to the origin of the vascular sheaths of 
this part of the 
nervous system 
in Limulus, but 
Kingsley(No. 15) 
states that they 
pass through a 
stage in their de- 
velopment which, 
in the Scorpiones, 
persists through- 
out life, where 
they are found 
lying upon the 
oesophageal com- 
missures without 
completely envel- 
oping them. 

As to the development of the supra-oesophageal gaiiglion pro|)er, or brain, 
which gives off the optic and some integumental nerves (the frontal nerves), 
we have only a few short statements by Patten (Nos. 28 and 29) and Kingslky 
(No. 15), which throw but little light on the actual facts concerning the com- 
plicated processes which here appear. According to Pattkn, with whom 
KiNGSLEY agrees, the rudiment of the brain consists of three consecutive pairs 
of ganglia, which represent a pre-oral continuation of the ventral chain of ganglia 
lying in the cephalic region of the body. (This is in agreement with the scheme 
drawn up by Patten for the Scorpiones and Acilim^ and described in tlie 
section on the nervous system of the Insecta, Vol. iii.) Each of these tliree 
pairs corresponds to a pair of ectodermal invaginations which originally lie on the 
outer sides of the ventral chain, and give rise to the optic ganglia. In Limulus, 
the two anterior pairs of invaginations are said to unite to form the median 
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Fig. 162.— Diagram of the genn-disc of LimulMs with the lateral, 
segmental sensory organs (after Pattkn). a, anus ; m, month ; 
r, margin of the cephalo-thoracic shield ; «, sensory organ of 
the third cerebral segment, •o^-no^ first six lateral, segmental 
sensory organs; so^^ dorsal organ, l-G^ the six pairs of thoracic 
limbs. 
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eyes and the nerves connected with them, while the thii'd pair, in Scorpio, yields 
the optic ganglia of the lateral eyes, but, in Limulus, is related to a small 
sensory organ (Fig. 162, s). The lateral eyes belong to the third (Patten), 
fifth (Kingsley), or, according to other authors, the fourth thoracic segment, 
and thus represent post-cephalic structures. Each optic ganglion is continued 
posteriorly into a nerve strand, a kind of lateral nerve ninning along the outer 
side of the limb-rudiments, and connected with a sensory organ in each 
segment (Fig. 162, box-so^), According to Paitbn, these sensory organs (with 
the exception of the rudiments of the lateral eyes) have usually only a temporary 
importance, and soon disappear. Kinoslby, on the contrary, holds that the 
fii-st jMLir (s(?i) yields the median eyes, the second a peculiar and as yet 
undescribed sensory organ, while the third disappears ; from the fourth is 
developed the dorsal organ (ao*) of Watase, which persists for a long time ; the 
fifth passes into tlie compound lateral eyes, and the sixth, finally, degenerates. 
Until these statements have been confirmed by more detailed observations, they 
must be regarded with some scepticism.* We must refer the reader to Patten's 
treatise cited above for details as to the development of the brain in Limulus, 
his account of which, in the absence of satisfactory figures, is hardly com- 
prehensible. We are also unable, on account of the fragmentary character of 
the statements made on the subject, to decide how far Packard's more recent 
researches (No. 27) as to the structure of the bi-ain in Limulus can be brought 
into agreement with Patten's views. Packard emphasises the fact that the 
cheliceral ganglion in Limulus does not fuse with the brain, but remains distinct 
The brain pro|>cr sends off only the nerves to the median and lateral eyes, and 
two pairs of integnmental nerves (frontal and inferior frontal nerves). It 
consists of three pairs of lobes : those of the lateral eyes, the median eyes, and 
the cerebral lobes proper. In the absence of figures, it is impossible to obtain a 
clear idea of tlie true relationships of these cerebral lobes. 

Patten considers that the development of the median eyes in 
Limulus closely resembles the processes observed in Scorpio. Here, 
as in the latter, there are two (or perhaps, according to Patten, four) 
invaginations which, shifting backward, unite in the median line to 
form a sac with a common posterior aperture. This sac gives off 
anteriorly two tubular processes, the blind ends of which, becoming 
apposed to the hypodermis of the cephalo-thorax, are transformed 
into the median eyes, while the parts of the processes that remain 
change into the optic nerves. 

The development of the lateral eyes, now made more fully known 
by Watasb (No. 30), is much simpler. We can trace the lateral 
eyes back to a highly -differentiated part of the ectoderm (hypo- 
dermis). The actual rudiment of the compound lateral eye 
(Fig. 163, la) is a thickened point of the ectoderm (hypodermis) 
near the so-called dorsal organ {do\ which apparently belongs to 

* [Kingsley, in his latest work, withdraws his account of the segmental 
sense organs, and would now regard those structures as glandular. Kishinouyb 
(No. III.) finds four pai*ts in the developing brain, and regards the lateral eyes 
as cephalic, not thoracic. — Ed. J 
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a posterior thoracic segment (according to Packard and Patten 
the third, according to Kingsley the fifth; cf. also Fig. 157, 
au and do). The optic area proper (Fig. 163, Za) is bounded at its 
dorsal (median) and ventral (lateral) margins by folds (df and vj\ 
which, converging posteriorly till they meet, form the letter V. At 
the point at which the two folds meet, a short tubular invagination 
of the ectoderm is formed, extending below the surface, so that the 
V-shaped rudiment becomes Y-shaped. These folds, which are 
composed of very large cells (Fig. 164, df and v/), yield new cell- 
material for the formation of younger ommatidia at the margin of 
the optic area. Each ommatidium (pm) arises in the form of a 




Fio. 16S.— Transverse section through the Triloblte stage of Lim.ulv% (after Watask). 6g, 
ventral chain of ganglia ; d, food-yolk (radiraent of enteron) ; do, dorsal organ ; d/, dorsal 
fold, and v/, ventral fold of the rudiment of the lateral eye (2a) ; etU, endosternnm ; ex, 
limb-rudiment. 

simple depression of the ectoderm (hypodermis), over which the 
cuticle becomes thickened to form a conical lens (c). The manner 
in which the optic nerve of this lateral eye arises is not quite clear. 
Patten and Kingsley trace it to the nerve-strand of the lateral 
sensory organs (p. 350). 

The position of the lateral eyes of Limulus must be considered as very 
remarkable. Authors are unanimous in attributing these eyes to a post-oral 
thoracic segment of the body. They would thus have a position altogether 
exceptional among the Arthropoda. Although the statements of Patten and 
Kingsley just given would to a certain extent explain this, it must appear 
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reraarkable that, in spite of this position, the innervation of these eyes takes 
place, not from the corresponding ventral ganglia, but from the brain. Taking 
into account the close relationship between Limulus and the Scorpiones, 
which can hardly be denied, we should feel inclined to homologise the latei-al 
eyes of Limulvs witli those of the Scorpiones. The latter belong, without 
doubt, to the pre-oral cephalic region of the body. This homology, however, 
was disputed by Patten, who regarded the small sensory organ (Fig. 162, 5 
just described, and discovered by him, as corresponding to the lateral eyes of 
the Scorpiones. If we consider the distribution of the nerves in the adult 
LimuluSf however, we shall hesitate a little before regarding the lateral eyes as 
belonging to that thoracic segment in which they appear to lie. Not only do 
the optic nerves of the lateral eyes come from the brain, but a large branch of 
the integumental (frontal) nerves arising from tlie brain runs far back in the 
lateral parts of the ccphalo-thorax. We are thus justified in asking whether the 




Fig. 104.— Transverse section throagh the rudiment of the lateral eye of Limuba (after 
Watasb). om, rudiment of an ommatidium ; c, rudiment of a conieal lens : df, dorsal fold, 
and v/, ventral fold of the optic rudiment. 

lateral parts of the cephalo-thorax which carry the lateral eyes do not correspond 
to lateral portions of the pre-oral cephalic region which, during growth, have 
been secondarily shifted backward. * According to this view, only the middle 
part of the cephalo-thorax or the glabella, together with the parts of the cheeks 
bordering on the limbs, could be attributed to the thoracic segments. The 
position of the facial suture in the Trilobites could also be brought into 
agreement with this view (p. 337). 

B. The Alimentary Canal. 

The anterior and posterior portions of the alimentary canal arise 

from ectodermal invaginations (storaodaeum and proctodaeum), 

which only become connected with the enteron after the first larval 

moult. We have already (p. 344) referred to the backward shifting of 

* [KiSHiNOUYE regards the lateral eyes as belonging to the second brain seg- 
ment, and as true cephalic structures, thus entirely supporting the above. — Ed.] 
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the oral aperture above which projects an "upper lip." The stomo- 
daeum runs upward and forward, becomes dilated (anterior stomach), 
and then bends sharply backwards to join the enteron. Its strongly 
cuticularised inner wall is longitudinally folded. The anal aperture 
lies immediately in front of the insertion of the caudal spine; the 
proctodaeuni is short throughout life. 

The enteron here attains its final form unusually late, a peculiarity 
which recurs in the Scorpiones. During the whole of embryonic 
life the rudiment of the enteron consists of the mass of food-yolk 
(Fig. 163, d) which has undergone cleavage, and is divided up into 
polygonal cells, and the surface of which in later stages appears 
covered with a splanchnic layer arising from the mesoderm. At first 
this mass of entoderm retains the spherical shape, but it adapts 
itself later to the form of the embryo. Its anterior region, however, 
which lies in the cephalo-thorax, very soon becomes divided up into 
lobes by mesodermal septa, which grow in laterally ; these lobes are 
the first rudiments of the digestive gland. There are, at first, six of 
these primary lobes on each side (p. 346), but these soon present a 
branched appearance by the formation of secondary lobes (Figs. 160 
and 161).* In consequence of the development of these mesodermal 
septa and of paired hepatic lobes, the organs lying within the cephalo- 
thorax show a segmentation corresponding to the six thoracic segments. 
The transformation of the solid entoderm into the hollow enteron 
takes place by the increase in number of the yolk-cells near the 
surface, and by their arrangement as a single-layered epithelium, 
which very soon separates from the central mass of yolk, liquefied 
yolk-substance collecting between the latter and the epithelium. 
The stomodaeum breaks through into the enteron earlier than does 
the proctodaeum. The hepatic lobes become grouped about two 
pairs of efferent ducts, which open into the anterior part of the met- 
enteron. Although the greater number of the hepatic lobes belong 
to the cephalo-thorax, one pair of hepatic tubes which opens into 
the second pair of efferent'ducts extends back into the abdomen. 

C. Formation of the HeBoderm. 
The mesoderm arises, as we have already seen (p. 342), as a pro- 
liferation of cells proceeding from the primitive groove and spreading 
out beneath the ectoderm. When the rudiments of the limbs 
appear, the mesoderm splits along the middle line, so that it now 
consists of two mesodermal bands running above the attachment of 

* On tho development of the mesodermal septa, cf. p. 354. 
2 a 
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the limbs, but connected together anteriorly and posteriorly. The 
space within the limb-rudiments is completely filled with mesoderm- 
cells. Paired, segmental coelomic cavities soon appear, as in the 
Arachnids, and are continued into the limb-rudiments. Many small 
spaces arise between the mesoderm-cells, and these unite to form the 
coelomic cavities. The enlargement of these cavities divides the 
mesoderm into a splanchnic and a somatic layer. Laterally, how- 
ever, these two layers pass into one another, and this single layer 
grows up dorsally ; this dorsal continuation only splits into a somatic 
and a splanchnic layer at a later stage, after the appearance of the 
heart. A paired, longitudinal thickening develops very soon in the 
single dorsal mesoderm-layer ; this is the rudiment of the dorsal 
longitudinal muscle, and, at the same time, of the points of insertion 
of the limb-muscles which run up from the ventral side. These 
latter muscles develop in the mesodermal septa which grow in from 
the ventral and lateral surfaces, and divide the mass of food-yolk 
into a number of lobes (originally into six) ; this gives rise to an 
apparent segmentation of the internal organs of the cephalo-thorax. 

As soon as the mesodermal plates meet in the middle doi*sal line, 
a longitudinal thickening, the rudiment of the heart, arises at their 
point of junction. Kingsley was unable to decide whether the 
cells which combined to form this thickening belonged exclusively 
to the mesoderm, or whether they should be considered as immi- 
grating yolk-cells. A lumen soon appears within the rudiment of 
the heart, into which a few cells which have become detached from 
the walls wander, and these change later into blood-corpuscles. The 
wall of the tubular heart now separates from the splanchnic layer, 
but only later from the somatic layer of the mesoderm. * 

In later stages of development, the coelom undergoes degeneration, 
all the spaces of the body-cavity becoming traversed by reticular 
connective tissue. These processes have, however, not yet been 
accurately described. 

LiinvluSy like the Arachnids, is distinguished by the possession 
of an inner skeletal body, lying between the ventral chain of ganglia 
and the alimentary canal, and consisting of tissue resembling fibro- 
cartilage. This is the endostemum (Fig. 163, enty and p. 356), which 
serves for the attachment of many groups of muscles. According 
to Brooks and Bruce (No. 1 0), the endosternum arises as a thicken- 
ing of the splanchnic mesoderm on the ventral side of the mass 
of food-yolk (rudiment of the cnteron). 

Packard's " brick-red gland," which we agree with Ray Lankester 
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(No. 17) in regarding as the homologiie of the coxal gland of the 
Scorpiones, and which is probably to be considered as a modified 
iiephridium, is also a derivative of the mesoderm. This paired 
gland which, in the adult, seems to have no external aperture,* is 
situated on either side of the endostemum, close to the coxal 
joints of the thoracic limbs (second to fifth) ; it consists of coiled 
anastomosing tubes, massed together, but divided into a longi- 
tudinal body and four vertical lobes. In the young stage observed 
by GiJLLAND (No. 13), these latter are wanting, but the glands open 
outward on the coxae of the fifth pair 
of limbs. According to Kingsley, 
this organ develops in the embryo 
from the mesoderm, and includes 
part of the coelomic cavity of the 
fifth post-oral segment. Its inner 
end opens out into the coelom of 
the fifth post -oral somite. The 
cubical epithelium of the gland 
passes into the pavement epithelium 
of the coelomic cavity; the latter 
represents the end -sac. It thus 
appears essentially to resemble in 
structure the nephridia of Peinpatus. 
The tubular portion of the gland 
first bends anteriorly, the outer part 
of this coil forming four more loops. 
These new secondary loops develop 
in each segment into the four lobes 
of the adult gland mentioned above. 




Fio. 165.— £x)ugitudiiial section through 
the abdominal appendages of a Limu/iu 
embryo, to illustrate the origin of the 
branchial lamellae (after Kikosusy). 
170 n ycj, first and second gill-bearing 
limbs; o, operculum; JT, branchial 
lamellae; m, muscle; d, food-yolk. 

At the points where the coils 



come into contact, fusion and perforation take place. 

D. Beipiratory Organi. 
The branchial lamellae (Fig. 165, A') arise at the posterior dorsal 
side of three of the abdominal limbs (second to fifth) as simple out- 
growths of the body-surface. At first they are few in number, but, 
as development progresses, new rudiments of lamellae are continually 
added to the basal segments of these appendages. Kingsley has 
pointed out that, in the early stages of the development of the gills, 
the whole region appears slightly sunk below the surface, as if 
foreshadowing the formation of the invaginate lung-books of the 
Scorpion (Fig. 165, ga), 

* [See Tower, App. Lit. Xiphosura, No. VI.— Ed.] 
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4. General ConsideratioiiB. 

We have already (p. 352) pointed out that the Xiphosura are 
evidently somewhat closely related to the Trilobltes. Ceitain 
characters which tend to connect the two are specially apparent 
in the young larvae of Limulus (Trilobite stage), their presence in 
the adult also being undeniable. Here, as in the Trilobites, the 
anterior region of the body is divided by two longitudinal furrows 
into a middle and two lateral portions. The position of the lateral 
eyes agrees in the two groups, but the occurrence of ocelli (median 
eyes) has not yet been fully established in the Trilobites. The two 
groups further agree in the general configuration of the cephalo-thorax, 
in the bending under of the anterior part of the cephalic shield, and 
in other points. Our present knowledge of the cephalic limbs of the 
Trilobites seems to indicate that they resembled in structure those 
of the Gigantostraca,* Four pairs of jaw-feet have been found in 
the latter, the last pair having been specially developed, and having 
grown out into broad, oar -like limbs. Various fossil forms of 
Xiphosura connect Limtdvs with the Trilobites; among these, 
BdinuruSy by the shape of its cephalo-thoracic (cephalic) shield, 
which is continued into long cheek -spines, strikingly recalls the 
Trilobite family, Trinudeidae, 

Although the Palaeostraca thus appear to form a single group 
based upon natural relationship, a certain distant relationship to 
the Crustacea is, as we have already pointed out (p. 315), undeniable. 
This is supported chiefly by the structure of the Trilobite limbs, 
described more in detail by Walcott (Xo. 5),* and by the biramose 
character of the abdominal limbs of Limidus, We have already 
stated why we regard the Palaeostraca and the Crustacea as groups 
of equivalent value, but have abstained from uniting them. We, 
however, think ourselves justified in assuming that they both had 
their origin in a common racial group, the Protostraca, which may 
perhaps also be regarded as the racial group of the Onychophora— 
Myriopoda series. 

The relationship which appears to exist between the Palaeostraca 
and the air-breathing Arachnida deserves closer consideration. As 
early as 1829, Strauss-DCrkhbim emphasised the near relationship 
between Limvlvs and the Arachnida. He based his view chiefly 
on the radial arrangement of the limbs, on the common sternal plate, 
and on the presence of an inner endoskeleton (the endosternum), 

* See Editorial note, pp. 833 and 360. 
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lying between the ventral cord and the intestine, which affords 
attachment to numerous groups of muscles. The views of Strauss- 
DOrkheim were supported on embryological grounds by Ep. van 
Beneden (No. 8) in 1871, and J. Barrois in 1878. Glaus also, 
in 1876,* expressed his belief that 'Hhe air-breathing Arachnida 
may have been derived from the polygnathan Merostomata (Trilobites, 
Eurypterida, and Xiphosura)." Huxley had also expressed himself 
in a similar way as to the genealogical connection between the 
Arachnida and the Merostomata. The near relationship of the two 
groups has been recently demonstrated in more detail by Ray 
Lankester (No. 16), by means of a careful comparison of the 
structure of Limulua with that of Scorpio. Although Ray Lankester, 
as we think, goes decidedly too far in insisting that Ldmulua should 
be regarded as an Arachnid, he still deserves credit for having 
established on a broader base the view that the two forms belong 
to the same phylogenetic series. It appears to us that the structure 
of the limbs used for respiration and adapted to aquatic life, the 
absence of the Malpighian vessels, and, moreover, their connection 
with the Trilobites, which are further removed from the Arachnida, 
afford sufficient cause for giving the Xiphosura a more independent 
position. 

We cannot here undertake to enter further upon the palaeonto- 
logical evidence in favour of the genealogical connection between 
the Arachnida and the Palaeostraca. We can only mention that 
among the Gigantostraca, which are nearly related to the Xiphosura, 
forms are found which, in appearance and in the segmentation of 
the posterior region of the body, stand still nearer to the Scorpiones 
than does Limulus itself. We must confine ourselves to a short 
consideration of the points of comparison between LimiUiis and the 
Scorpiones. 

In both forms we recognise an anterior region of the body 
(cephalo-thorax) carrying six pairs of limbs, and covered by a dorsal 
shield, having on its upper side two median eyes, and, nearer the 
edge, paired lateral eyes. The median eyes of Limvlus and of 
Scorpio agree so closely in structure, that we cannot doubt that 
they are homologous. We might take the same view of the lateral 
eyes, even though the numerous unicomeal lateral eyes of Scorpio 
essentially differ from the remarkable lateral eyes of Limvlus^ the 
composition of which is very primitive. In this case we should 
have to regard the lateral eyes of Scorpio as of a modified type. 
• Unters, zur Geneal. OrundL der Cnistac. Systems, 
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Of the six pairs of limbs belonging to the cephalo-thorax, the 
most anterior (the chelicerae) shift during development in front 
of the oral aperture, while the pair of ganglia belonging to them 
enter into closer connection with the brain. The five pairs of limbs 
behind these serve for locomotion and mastication. While, in 
Limtiliis, the coxae of all the limbs appear enlarged and have 
toothed masticatory ridges, in Scorpio, only the pedipalps and the 
first two pairs of ambulatory limbs have basal blade-like structures. 
An upper lip (rostrum, camerostome), lying in front of the mouth 
between the chelicerae, is common to the two forms; as also is 
an original paired projection behind the sixth pair of limbs, which, 
in Limulus, is represented by the chilaria, but, in Scorpio, fuses 
to form a small pentagonal plate found in front of the operculum. 

Behind the cephalo-thorax, in Scorpiones, comes a pre-abdomen 
consisting of seven segments, which is followed by a post-abdomen 
of five segments, with a terminal poisonous spine. If we regard the 
long caudal spine of Limulua as the representative of the poisonous 
spine, we shall consider the region usually described as the abdomen 
to be the equivalent of the pre-abdomen and the post-abdomen of 
Scorpio, This region, in Limuhis, consists of eight fused segments. 
Taking into account certain fossil forms {Bdinurus), however, we 
may conjecture that the last of these segments, strictly speaking, 
corresponds to several segments which have not separated. The 
resemblance between LimtUtis and Scorpio finds expression in the 
development of the abdominal limbs. In both forms, rudiments of 
limbs appear in the embryo on the six anterior abdominal segments. 
Of these, the most anterior pair changes, in LimtUus, into the large 
plate-like structure known as the operculum, which is also slightly 
developed in Scorpio, and on the inner side of which lie the genital 
apertures. The ii\e posterior pairs of limbs, in Limvlue, are leaf- 
like, and carry gills, and thus serve for respiration. In Scorpio, the 
most anterior pair develops into pectines, while the four other pairs 
seem to disappear at the time when the lung-sacs develop. 

In the assumption of a near relationship between Limulus and Scorpio, an 
important part is played by the supposed transformation of the gills of the 
former into the lungs of tlie latter. In structure the two organs show remark- 
able agreement. While, however, careful consideration shows how a transition 
may well have taken place from the book-like gills of Limulus to the lung-book 
of Scorpio, there are certain difficulties which Ray Lankestrr (Nos. 16 and 20), 
KiNGSLEY (No. 14), and MacLeod (No. 21) have sought to set aside by means 
of various hypotheses. Ray Lankester himself gave up his original, very 
artificial theory, and has since derived the lung of Scorpio from the gill of 
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Limulus by complete invagination. The liinb was not only, according to this 
view, invaginated as a whole, but each single branchial lamella was separately 
invaginated, tlie limb, as it were, growing into the body instead of growing out, 
«o that the interstices between the lamellae then became the lamellae of the 
l>ook-lung. This view somewhat resembles that of Kikosley. It appears to us 
that MacLeod's view is the simplest explanation, and the one best agreeing with 
the facts. MacLeod (No. 21) starts from the assumption that the lamellae of 
the book-like gills are homologous with those of the book-like lungs. The gill- 
l^earing limbs of Limulus are usually closely pressed against the ventral side of 
the abdomen. The branchial lamellae develop only on those upper surfaces 
which are pressed against the body. The ventral side of the limbs, in Limulus, 
already shows a depression corresponding to the branchial lamellae. If we 
imagine the respiratory limbs shifted further apart than they are in Limulus, 
and the edges of the depression just alluded to fused with the edges of the leaf- 
like limb, a closed space, the lung-sac, will thus be formed. The free posterior 
edge of the limb would then become the anterior margin of the stigma belonging 
to this sac. By this assumption, MacLeod is able to explain certain features in 
the structure of the Arachnid lung : e g., the facts that some of the lung-lamellao 
are free not only at their posterior edges, but at their lateral edges also, and that 
the corresponding lung-sacs of the two sides are connected, etc.* 

The agreement in the internal anatomy of the two forms is no less 
remarkable than that in the outer segmentation of the body and in 
the structure and functions of the limbs. The presence of an 
cndostemum has abready been mentioned. We shall here merely 
recall to mind the large, branched liver, opening through several 
efferent ducts into the intestine, the retiform rudiment of the genital 
glands, the presence of a circum-oesophageal, arterial vascular ring 
accompanying the oesophageal commissure (and in Limulvs developing 
into an actual vascular sheath), and, finally, the presence of a gland 
(brick-red gland of Limulus^ coxal gland) on the coxae of the fifth 
pair of limbs (third ambulatory limbs). 

The agreement which we have fhus pointed out in the structure 
and development of Limulus and of the Arachnida is so remarkable 
that we can hardly avoid the conclusion that the two. forms are 
genetically related. We therefore accept the view that the 
Arachnida have developed from the Palaeostraca through adaptation 
to terrestrial life. 

It may be further mentioned here that adaptation to life in fresh water, and 
]>ossib]y on land (?) had, perhaps, taken place even in the Gigantostraca them- 
selves. According to Zittel (No. 7), they are found in the coal formations 
associated with land plants, scorpions, insects, fish, and fresh water amphibia. 

• [Bernard (App. to Lit. on Trilobita IV.), on the other hand, has endea- 
voured to show that the lung-books of Scorpio develoj)ed in ntit, tis adaptations 
to the circulatory system. He further claims that the Arachnids oiiginally had 
more stigmata than there were respiratory limbs in Limulus. — Ed.] 
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A striking feature in some of the forms (Earypterida) in this group is the scale- 
like marking of the body-plates. 

A homology is naturally suggested, and has been carried oat by Ray 
Lankkster, between the coxal glands of the Arachnida and Xiphosura and a 
pair of Crustacean nephridia. This could only apply to the shell-gland, which 
belongs to the segment of the second maxillae, i.e. to the fifth limb-bearing 
segment We should then have to homologise the chelicerae of the Ancbnida 
with the first pair of antennae of the Crustaceai an assumption which seems to 
us somewhat daring, and not sufficiently supported by the structure and 
development of the brain in the two groups. There is the less need for a 
homology between the shell-gland of the Crustacea and the coxal gland of 
Limulus and Scorpio, as we have to imagine each body-segment originally 
provided with a pair of glands of this kind, an assumption which appeals to be 
justified by a comparison with Peripatus,* 
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A. 

Abdominalia, 220. 
Acanthosoma, 263, 266. 
Acanthotelson, 819. 
Acetes, 266. 
Achthercs, 288. 

— percarum, 242. 
Acidaspis, 338. 
Acrothele, 77. 
Actinotrocha, 5. 

— braochiata, 5. 
Acgidae, 805. 
Aeglioa, 838. 
Aetea, 12. 
Agnostus, 389. 

— nudus, 839. 
Albunea, 290. 
Alcippe, 218, 220, 230. 
Alcyonella = Plumatella. 

— fnngosa, 83. 
Alcyonidinm, 12. 

— albidum, 14. 

— duplex, 14. 

— eelatinoeain, 14. 

— larra, 19. 

— mytili, 20. 
Alima, 297, 301-308. 
Alimerichthus, 302. 
Alpheidae, 271. 
Alpheus, 133, 170. 

— heterochelis, 275. 

— praccox, 276. 
Amathia, 12. 
Amphion, 275. 
Amphiones, 275. 
Amphipoda, 104, 118, 

309. 
Amphitboe, 140, 241. 
Ampyx, 838. 
Amymone, 192. 
Anaspides, 319. 
Anceidae, 305. 
Anceus, 305. 
Anchorella, 117, 119,148, 

238. 
Anelasma, 218, 228. 
— squalicola, 220. 



AnUopoda, 104, 304. 
Anomia, 76. 
Anomura, 104, 285. 
Apodeme, 218. 
Apodidae, 167. 
Apseudes, 104, 151, 166, 
304. 

— LatreiUii, 304. 
Apterura, 290. 

Apu8, 104,105,159,165, 

172, 196, 319. 

— caucriformis, 195,199. 

— productus, 146, 199. 
Archicerebrum, 166. 
Archizoaea, 311. 

— gigas. 213. 
Arethusina, 838. 
Argiope, 65, 66. 
Argulus, 104, 105, 244. 

— foliaceus, 245. 
Arionellus, 388. 
Aristeus, 271. 
Artemia, 125, 200. 
Arthobranchiae, 173. 
Arthrostraca, 104, 136, 

148, 247. 
Asaphus, 839. 
Ascopodaria, 91. 
Aacothoracida, 228. 
Aselhw, 114, 118, 149, 

173, 319. 
Aspergillam, 76. 
Astacidea, 251, 275. 
Aatacus, 109. 113, 118, 

128, 154, 172-175, 178. 

— fluviatilia, 129-131, 
155-163. 

Asterope, 173. 
Atremata, 77. 
Ataypidae, 77. 
Atyephyra, 104, 110, 138, 

159, 173. 
Avicularia, 49. 

B. 

Balanidac, 173, 209. 
Balanoglossus, 6. 



Balanoglossus Kupfferi, 

QQ 

Balaiius, 111, 126, 174, 
210. 

— improvisus, 126. 
Barentsia, 91. 
Basipodite, 194. 
Belinunis, 882, 356. 
Birgns latro, 289. 
Blastodermic cuticle, 118. 
Bopyridae, 305. 
Bopyrus, 306. 
Bowerbankia, 12. 
Brachiella, 117, 238. 

— Thynni, 148. 
Brachiopoda, 65-84. 
Hrachvura, 104, 290. 
Branchiopoda, 104, 196. 
Branchipus, 104, 110, 

125,146, 159,162,165, 

168,178,181,195,199, 

318. 
Branchiura, 104, 244. 
Brick -red gland, 355. 
Brown body, 17, 28, 43, 

44, 55, 58. 
Bryozoa Ectoprocta, 12- 

64. 
Bryozoa Entoprocta, 91- 

103. 
Buccinum, 220. 
Biigula, 12. 

— calathus, 15. 

— flabellata, 28. 

— larva, 25. 

— plumosa, 26. 

— simplex, 15. 

— turbiuata, 15. 
Bythocaris, 274. 
Bythotrephes, 111, 114, 

120, 204. 

C. 

Calanella, 194. 
Calanidae, 237. 
Caligidae, 237. 
Caligos, 117, 240. 
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Callianas8a,115, 284,285. 

— subtcrranea, 112, 114. 
Calliaxis, 284. 
Calocaria, 284, 285. 
Calyptopis, 263. 

Oaly ptopis stage,248,255. 
Cambarus, 277. 
Cancrion miser, 307. 
Cantliocamptus staphy- 

linus, 236. 
CJaprclla, 118, 140, 176. 
OarciDiis maenas, 228, 

291, 295, 296. 
Cardioblasts, 177. 
Caridea, 251, 271. 
Caridina Desmarestii, 

274. 
Carina, 219. 
Cellularia, 12. 
Cellularina, 12. 
Centropa^es, 105. 
Cephalodiscus, 5, 88. 
Ceratapsis longiremis, 

271. 
Ceratocaris, 318. 
Cetochilus,105,lll,120, 

141,159,174,180,190. 

— septentrionalis, 233. 

— sUge, 235. 
Chalimus, 240. 
Cheraphilus, 278. 
Chilaria, 332. 
Chilostomata, 12. 
Chondracanthidae, 287, 

239. 
Chondracanthus, 106, 
111, 238. 

— cornutus, 243. 
Chonetes, 77. 
Chorion (Bryo. Ect.), 15. 

— (Crust.), 106, 205. 
Cirripedia, 104, 126, 209. 
Cladocera, 104. 
Clavella, 117. 
Cleavage, types of 

(Crust.), 108. 115. 
Compleniental male, 230. 
Concnoderma, 219. 
Conocephalites, 338. 
CopetKxia, 104, 119, 281. 
Copulation -cell, 119. 
Corona (Bryo. Ect), 19. 
Corycaeidae, 232, 288. 
Coxopodite, 194. 
Ci-angon, 104. 118. 133, 

162,167,173,175,273. 

— vulgaris, 274. 
Cran^onidae, 271. 
Crania, 76. 
Craniidae, 77. 
Crisia, 12. 



Cristatella, 12 

— mucedo, 53. 
Cromus intercostatus, 

337. 
Cnistacea, 104-332. 
Cryptocheles, 274. 
Cryptoniscufl stage, 309, 
Cryptophialus, 218, 220. 

230. 
Ctenostomata, 12. 
Cuma, 116. 
Cumacea, 104. 118, 119, 

136, 148, 303. 
Cyclatclla aunelidicola, 

100. 
Cyclopidae, 206. 
Cyclops, 120, 151, 160, 

190. 

— stage, 119. 
Cyclostomata, 12. 

— larva, 31. 
Cyllene, 296. 
Cymothoa, 187, 150, 171, 

176. 
Cymothoidae, 305. 
Cyphaspis, 338. 
Cyphonautes, 17. 
Cypridae, 105. 
Cypridina, 105, 205, 208, 

255, 317. 
Cypris. 105, 206. 

— fasciata, 205. 

like larva, 216, 817. 

— ovum, 205. 

— reptans, 111. 

— stage, 209, 318. 

— vidua. 205. 
Cyrtopia, 253. 
Cystid, 15. 
C^'stigcn half, 51. 
Cytheridae, 205, 208. 

D. 

Dalmanites, 336. 

— social is, 337. 
Daphnia, 114. 

— longispina, 119, 146. 

— similis, 125, 166, 180. 
Daphnidae, 201. 
Daphnella, 114. 
Decapoda, 104, 118, 127, 

152. 168. 
Deltidium, 77. 
Dcndrogaster asterioola, 

228. 
Dias, 105. 
Diastopora, 12. 
Dichilestiidae, 237, 239. 
Dictyocaris, 318. 
Dilocarcinus. 296. 
Diphyes, 237. 



Disc, ciliated (Bryo. 

£nt), 93, 94. 
or retractile (Bryo. 

Ect), 18. 
Discina, 77. 
Discinidae, 76. 
Dorsal organ ( Bryo. Ent }, 

93, (Crust), 141, 150, 

(Pal.), 344, 350. 
Droniia, 290. 
Drominea, 290. 

E. 

Ecardines, 73. 
Echinaster, 228. 
Ectocyst. 28. 
Edrioptbalmata, 104. 
Elapbocaris, 263, 265. 
Endites, 195. 
Endocyst, 13. 
Eudopodite, 194. 
Entomostraca, 104, 146. 
Entoniscidae, 305. 
Ephippium, 105. 
Epipoilites, 195. 
Epistonie, 65. 
Er^asilus, 151. 
Ericlithina dcmissa, 257. 
Erich thoidina stage, 297. 
Erich thus stage, 297,300, 

308. 
Eriphia, 114, 178, 175, 

178. 

— spinifrons, 133, 180. 
Eschara, 12. 
Escharina, 18. 
Estheria, 104, 105, 172, 

201. 
Estheridae. 201, 318. 
Eucratea, 12, 40. 

— chelata, 23. 
Eucopepoda, 104. 
Eupagurus, 118, 132, 174, 

286. 

— Beruhardus, 287. 

— Prideauxii, 110. 
Euphausia, 104,161,248, 

254. 
Euphausiidae, 173, 247, 

262, 253, 257, 818. 
Eni7pt«rus, 832. 
Eutyphis, 809. 
Exopodite, 194. 

F. 

Farella, 12. 
Flustra. 12. 

— membranacea, 40. 

— truncata, 15. 
Flustrella, 12. 
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FlustreUa hispida, 23. 

— larva, 21. 

Forked canal (Bryo. 

Ect.), 42. 
Formative mass, 51. 
Fredericella, 12. 
Frondipora, 12. 
Funiculus, 13, 50. 
Furcilia, 253. 
Fusus, 220. 

G. 
Gadidae, 237, 241. 
Galathea, 288. 
Galathodes, 289. 
Gammaridae, 309. 
Gammarus, 104, 173. 

— fluviatilis, 111. 

— locu3ta, 111-118. 

— poecilurus, 140. 

— pulex, 111. 
Gangliogen, 170. 
Gebia littoralis, 284. 
Gecaix:inus, 251, 296. 
Gelasimus, 296. 
Gigantostraca, 382. 
Glaucotlioe, 288. 
Gnathia, 305. 
Gnathostomata, 104, 232. 
Gonerichthus, 300. 
Gonodactylus, 300. 
Grampsouyx, 319. 
Grapsion, 308. 
Gymnolaemata, 12. 

H. 

Halcyonellea, 12. 
Halocypridae, 205, 209. 
Halocypris, 255. 
Harpacticus, 111. 
Harpactidae, 206. 
Hessia colorata, 148. 
Hibernacnia, 54. 
Hippa, 110. 

— talpoidea, 289. 
Hippolyte, 272, 273. 

— polaris, 274. 
Homarus, 114, 132, 151, 

275. 

— americanns, 170, 276. 
Homola, 290. 
Hornera, 12. 
Hydroceplialus, 338. 
Hymenocaris, 318. 
Hyperia, 309. 
Hyperidae, 309. 
Hypophorella, 12. 

I. 

Ibacns, 283. 
Ibla, 230. 



Ibla Cumiu^i, 230. 
— quadriviuvis, 230. 
lUaenns, 838. 
In tertentacular organ, 14, 

56. 
Isopoda, 104, 118, 304. 



Jurine, 192. 

K. 

Kentrogen stage, 223. 
Eochlorine, 220. 



Labrum (Crust.), 156. 
Larval integuments, 118. 
LauraGerardiae,209,228. 
Lepadidae, 105. 
Lepas, 209, 217, 311. 

— australis, 212. 

— fascicularis, 212, 214. 

— pectinata, 215, 216. 
Lepralia, 12. 

— metamorphosis, 27. 

— Pallasiana, 24. 

— unicornis, 17. 
Leptaena, 77. 
Leptodora, 114, 146,203. 

— hyalina, 204. 
Leptostraca,104, 152,252. 
Lernaea, 117, 237. 

— branchialis, 240, 241. 
Lemaeascus, 239. 
Lemaeopoda, 117, 119, 

238. 
Lernaeopodidae, 24 1, 306. 
Ligia, 104, 116, 149,319. 

— oceanica, 117, 136. 
Limnadia, 172, 201, 203. 
Limnetis, 172, 202. 

— braohyura, 204. 
Limulus, 118, 209, 332, 

340-360. 

— moUucanus, 340. 

— polypheraus, 340. 

— rotundicauda, 340. 
Lingula, 73-76. 
Liothyrina, 69. 
Lithodes, 289. 
Lithotrya, 218. 
Lonchophorus, 289. 
Lophogastridae, 173, 257. 
Lophophore(Brach.), 70. 

— (Bryo. Ect), 41. 
Loricata, 278. 
Loxosoma. 91. 

— annelid icola, 100. 

— cochlear, 100. 

— Kcfersteinii, 100. 



Loxosoma phascolosoma- 
tum, 100. 

— Raja, 100. 

— singulare, 100. 
Lucifer, 107, 127, 152, 

165, 249, 257, 312. 
Lynceus, 205. 
Lysioerichthus, 300, 303. 
Lysiosquilla, 300, 303. 

M. 

Macrura, 104, 290. 
Maja, 294. 
Malacostraca, 104. 
Marestia, 296. 
Mastigopus stage, 263. 
Megalopa stage, 251. 
Megerlia, 73. 
Membi-ana limitans, 169. 
Membranipora, 12. 

— larva, 21. 

— pilosa, 14. 

— zostericola, 21. 
Merocytes, 112. 
Mctanauplius, 196, 209, 

249. 
Microporella, 12. 

— maiusii, 15. 
Micropyle apparatus, 

160. 
Mitraria, 21. 
Moina, 106, 114, 123, 

146, 159, 162, 173, 

177, 180. 

— rectirostris, 147. 
Molluscoida, 84-90. 
Monolepis, 296. 
Munida, 289. 
Mysidae, 105, 257, 319. 
Mysis, 104, 117, 151 

153. 159, 162, 168- 
173. 177. 

— chamaeleo, 134. 

— flexuosa, 257. 

— stage, 250. 

— vulgaris, 257. 

My to uaimardii, 274 . 

N. 

Nauplius stage, 119, 190, 

249, 310-313. 
Nebalia. 104, 105, 118, 

154, 194, 203, 247, 
252, 312. 317. ..f-^ 

Neck gland (Crust), 151. 
Neotremata, 77. 
Nephrops norvegicus, 

277. 
Notodolphyidae, 106, 

288. 
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Nuchal gland (Crnst.), 

161. 
Nyctiphanes, 258, 255. 



Oboliis, 77. 

— labradorica, 75. 
Ocypoda, 296. 
Ogygia, 338. 
Olenellus asapboides, 

836-338. 
Oniscus, 104. 116, 118, 

140,151.159.160,177. 
Oniscus, 173, 175. 

— murarius, 140. 
Ooecia, 13, 49. 
Oostegites, 105. 
Orbiculoidea, 75, 77. 
Orchestia, 118, 140, 151. 

181. 
Orthis, 77. 
Orthisina, 77. 
Ostracoda, 104. 
Ovicells, 13, 49. 



Palacmon, 104, 110, 115, 
118, 131, 174, 273. 

— Potuini. 274. 

— serratus, 179, 
Palaemonetes, 110. 

— varians, 274. 

— vulgaris, 274. 
Palaenionidae, 271. 
Palaeocaris, 319. 
Palaeostraca, 315, 332- 

363. 
Palinunis, 151, 278. 

— quadricornis, 279. 
Paludicella, 12. 

— Ehrenbergii, 48. 
Pandalus, 151. 
Pantopoda, 315. 
Paracopulation, 119. 
ParadoxidcB, 338. 
Paragnatha, 148. 
Parapodopsis, 168. 

— cornuta, 117. 
Parasite, 104, 237. 
Parastecidae, 277. 
Paribacus, 283. 
Paterina labradorica, 75. 
Pectinatella, 12. 
Pectiuella, 41. 
Pedicellina, 91. 

— echiuate, 92, 98. 
Pedicelliuopsis, 91. 
Penacidea, 249, 257, 267. 
Penaeus, 114, 152, 194, 

248, 267, 278, 310. 



Peripatus, 167, 179, 314, 

355, 360. 
Peteinura gubemata, 

271. 
Petrarca bathyactidis, 

228. 
Phacops, 339. 
Pherasa, 12. 

— tubulosa, 24. 
Philicthyidae, 237. 
Phoronidea, 1. 
Phorouis, 1-11, 84-89. 

— psammophila, 10. 

— australis, 82. 
Phronima, 309. 
Phylactolaemata, 12. 

— larva, 32. 
Phyllopoda, 104, 128, 

196. 
Phyllosonm, 278-284. 

— Duperryi, 288. 
Pinnixa, 296. 
Platessa flesus, 240. 
Platysaccus crenatus, 

266. 
Plcopoda, 106. 
Pleurobranchiae, 178. 
Plumatella, 12. 

— fruticosa, 35. 

— fungosa, 83, 38. 

— polymorpha, 33. 
Poaobranchiae, 178. 
Podophthalmate, 104. 
Polyphemus, 111, 114. 
Polypide, 15. 

— (Bryo. Ect ), develop- 
ment of, 37. 

Pontellidae, 232. 
PontoDhilus, 271, 273. 
Porcellaua longicomis, 

289. 
Porccllio, 114, 139, 175. 
Portnuiou maeuadi8,307, 

308. 
Portuuus, 118, 296. 
Praniza, 151, 305. 
Prestwichia, 348. 
Proboscidella, 76. 
Productidae, 76. 
Proetus, 338. 
Protegulum, 75. 
Protopodite, 193. 
Protosti-aca, 314, 388. 
Prototreniate, 77. 
Protozoaea sUge, 119, 

249. 
Pseuderichthus, 800. 
Pseudodeltidium, 77. 
Pseudosquilla, 800. 
Pterygotus, 332. 
Pterygura, 290. I 



Ptychoparia Linnarssoni, 

337. 
Pygidium, 338. 
Pyriform organ (Biyo. 

Ect), 18. 

R. 

Radicellate, 12. 
Ranininea, 290. 
Rathke's pyramids, 109, 

128. 
Regeneration (Biyozoa 

Ect.), 55. 
Retepora, 12. 
Retinogen, 170. 
Rhabdopleura, 5, 88. 
Rhabflosoma, 309. 
Rhizocephala, 105, 221. 
Rhynchonella, 82. 
Rhynchonellidae, 77. 

S. 

Sabinea, 274. 

Sacculiua, 112. 

-- carcini, 221-228. 

Sagitte, 66. 

Sao hirsute, 334-837. 

Sapphinna, 237. 

Scafpelluni (balanoides, 

omatum, Peronii, re- 

gium, rostratum, vill- 

osum, vulgare), 280. 
— Strbmii, 220. 
Scaphognathite, 151. 
Sceletina armate, 257. 
Schizocrania, 77. 
Schizopoda, 104, 134, 

152, 247, 258. 
Schizopoda - like stage, 

250. 
Schizoporella, 12. 
Sciocaris tclsonia, 266. 
Sclerocrangon boreas, 

274. 
Scorpio (compared with 

Limulus), 357-360. 
Scnipocellaria, 12. 
Scute, 219. 
Scyllarus, 278-284. 
Sergestes, 249, 268. 
Ser^estidae, 257, 273. 
Serialaria lendigera, 31. 
Sida, 114. 
Sididae, 205. 
Siriella, 178. 
Solaster, 228. 
Sphaeronella 

Leuokhartii, 241. 
Sphaerothylacus poly- 

carpae, 209. 
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Spherical organ (Crust), 

160. 
Spiriferidac, 77. 
Spiropagurus, 288. 
Squilla, 173, 303. 
Squillerichthus, 801. 
Squilloid stage, 301. 
Statoblasts, 49. 
Stcnopus, 271. 
Stolonata, 12. 
Stolonifera, 12. 
StomatoiKKla, 104, 247, 

297. 
Stringocephalidae, 77. 
Striugocephalus, 66. 
Stro])haeodoiita, 77. 
Strophomena, 77. 
Sniiaiuphitlioe, 140, 176. 
Syoagoga mira, 228. 
Syiicerebrum, 166. 



Tanais, 104, 118, 119, 

151, 304. 
Telotremata, 77. 
Telphusa, 251. 

— ttuviatilis, 296. 
Tendra zostericola, 15. 

— larva, 21. 



Terebratella corianioa, 

80. 
Terebratula, 65. 
Terebratulidae, 77. 
Terebratulina 65. 

— septentrionalis, 73. 
Terga, 219. 
Testicardines, 65. 
Thalassinidea, 284. 
Thecidiidae, 77. 
Thecidium, 65. 

— mediterraneum, 78. 
Thcniis, 283. 

Thia poliU, 291. 
Thoracica, 209. 
Thoiacostraca, 104. 
Tracheliastes, 238, 244. 
Trachelifer, 285. 
Triarthrus, 338. 
Triohodactylua, 296. 
Triloba, 296. 
Trilobita, 332-334. 
Trinucleidae, 356. 
Trinucleus, 339. 

— omatus, 338. 
Trochophore larva, 86. 
Tropidoleptus, 77. 
Tubulipora, 12. 

— serpens, 82. 



U. 

Umatella, 91. 

V. 

Valkeria, 13. 
Vesicularia, 12. 
— larva, 31. 
Vibilia, 309. 
Vibracularia, 49. 
Victorella, 12. 
Vitelline membrane, 106. 
Vitellophags, 134. 

W. 

Winter buds, 54. 

X. 
Xiphosura, 332, 340. 

Z. 
Zoaca stege, 119, 193, 

249, 810-318. 
Zooeclum, 13. 
Zoontocaris, 288. 
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